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EDITOR’S OUTLOOK 








A SYSTEMATIC PROGRAM FOR THE SUP- 
PORT OF FUNDAMENTAL RESEARCH. The 
problem of the support of ‘‘pure’’ scientific research in 
the institutions of higher learning in this country is one 
that bids fair to become increasingly pressing. For- 
tunately, it is already receiving thoughtful considera- 
tion, not only from academic men, but from some of the 
more far-sighted industrialists. 

At the last Council meeting of the American Chemi- 
cal Society Dr. Thomas Midgley, Jr., proposed a plan 
under which industrial employers would codperate to 
make it possible for educational institutions to compete 
in the employment market for recruits of exceptional 
ability and promise. Dr. Roger Adams, in his recent 
Willard Gibbs medal address, pointed out the salutary 
effects in several European countries of strong indus- 
trial support of university research, and urged the de- 
velopment of a systematic program of support in this 
country. 

Superficially it might appear that proposals of this 
kind arise out of the natural disposition of him who has 
not to attempt to get something from him who pre- 
sumably has. An elementary analysis of the situation, 
however, demonstrates that they are, in fact, in 
complete accord with enlightened industrial self- 
interest. 

The industries must depend upon the universities, 
first, for the recruits who man their own laboratories, 
and, second, for the springs that feed the vast reservoir 
of fundamental data and theory upon which they draw 
so freely. Unless the universities can continue, in 
competition with industry, to maintain a high person- 
nel standard, and unless they can find means and per- 
sonnel to carry on strong programs of fundamental re- 
search, industry will not be far behind them in feeling 
the pinch of deprivation. 

Industry is not blind to this fact. Indeed it is much 
easier at the present time to secure industrial accept- 
ance of the principle of industrial support for pure re- 
search than to formulate feasible plans for its operation. 
Several industrial executives recently approached on 








this subject spoke of a seemingly trivial obstacle, but 
one that is, nevertheless, real and troublesome. 

In effect, they said, ““‘We could afford to support fun- 
damental research more strongly than we do, and we 
would like to. We could not possibly do for twelve or 
fifteen institutions, however, what we could do for one 
or two. We could not select from the twelve or fifteen 
institutions represented by our scientific staff one or 
two for special attention, without creating an impres- 
sion of discrimination. If we spread our available re- 
sources over the entire number, the individual grants 
would be so small as to be ineffective. A system of ro- 
tation is also objectionable in that it would not permit 
assured planning for a continuous program of research. 
We feel that sporadic gifts are comparatively ineffec- 
tive.” 

The solution that suggests itself is essentially that 
whereby codperating libraries collectively achieve com- 
plete coverage of a periodical literature field. Through 
a manufacturers’ or similar appropriate association, a 
group of codperating corporations could contribute a 
self-imposed levy based upon the number of scientific 
workers employed. Such an annual fund could be ad- 
ministered either by the association itself, by the ap- 
propriate scientific organization, or by any other re- 
sponsible agency. To avoid temptations toward po- 
litical or discriminatory administration, distribution of 
funds might be made to accredited institutions upon 
the basis of the number of doctorates awarded annually, 
as revealed by the compilations of the National Research 
Council. 

Probably some elaboration of the details of the pro- 
posed plan is necessary, but in essence it would seem to 
embody the chief desiderata. The program would not 


be burdensome to its supporters, and it would provide 
for contributions in proportion to the benefits received. 
From the distributive standpoint it would be both fair 
and rational, and it would have the desired features of 
dependability and continuity. We submit the sugges- 
tion to our readers in the hope that it may invite dis- 
cussion that will eventually lead to definite action. 

















THOMAS COOPER as an 


ITINERANT CHEMIST 


EVA V. ARMSTRONG 


The Edgar Fahs Smith Memorial Collection in the History of Chemistry, University of Pennsylvania, Philadelphia, Pennsylvania 


N 1794 there appeared in London a book entitled 
“Some Information Respecting America, collected 
by Thomas Cooper, late of Manchester.’’ The 
author states that he journeyed to the United States 
“expressly to determine whether America was eligible 
for a person like myself, with a small fortune, and a 
large family, to settle in.”” He decided that it was, and 
proceeded to encourage others to follow his example. 

Cooper describes a voyage of ten weeks from London, 
the tedium of which might be relieved if one brought 
books, cards, and chess. He warns prospective passen- 
gers to see that the captain has a good filtering stone to 
insure a pure water supply. He gives counsel in re- 
gard to proper clothing for shipboard, and says that 
“a black cravat will be full as convenient as a white one 
on board ship.’’ He describes the industrial, economic, 
and agricultural life of the country, and adds, 

“There is little fault to find with the government of America, 

either in principle or in practice; we have very few taxes to pay, 
and these are of acknowledged necessity, and moderate in 
amount.” 
A portion of a phrase, later immortalized by Abraham 
Lincoln, is curiously anticipated by Cooper, who 
wrote, “It is a government of the people and for the 
people.”” He included in the book a copy of a docu- 
ment widely discussed and debated in his day, which 
had been given to the world barely seven years before 
by a country lately separated from the British crown, 
namely, the Constitution of the United States of 
America. 

Thomas Cooper was born in London on October 22, 
1759. He was educated at Oxford University, and 
studied law and medicine. Residing in Manchester, 
England, in 1792, Cooper was attracted by the political 
excitement in France, and managed to have himself, 
together with James Watt, Jr., appointed as deputies 
from the democratic Manchester Constitutional Society 
to a similar society in France. Cooper vividly de- 
scribes his introduction to Robespierre—how he was 
led through a carpenter shop and up a ladder to an 
obscure room occupied by the French revolutionist. 
He says, 

“He was dressed up—a complete dandy. A little pale man, 
with dark hair. He received me well. I told him I had written 
an address and requested him to deliver it for me, as I spoke 


French badly. Hesaid he would. I wrote the address and Watt 
translated it into French. We went to the gathering where 
‘ 


* Presented before the Division of the History of Chemistry 
at the Ninety-second meeting of the A. C. S., Pittsburgh, Septem- 
ber 7, 1936. 
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Robespierre sat in state under a canopy. There was much noise, 
and finally a call for Citizen Cooper’s address. I requested 
Robespierre to read it as he had promised. He refused, I in- 
sisted, he refused finally.” 


Greatly incensed, Cooper thereupon denounced 
Robespierre as a knave and a rascal, and amid an in- 








THoMAS COOPER 


creasing uproar, mounted the platform and delivered 
the address, which he says was received with loud 
acclaim. A few days later, after dining and wining, 
perhaps too well, Cooper tried to persuade his friends 
to accompany him to the club, where he planned to 
insult Robespierre before the whole assembly, and 
compel him to challenge him to a duel. He seemed 
unable to take the little man seriously, and says, 
“TI would have soon have fought him as not. I would 
have liked it.’’ But his friends refused to risk it. 
Shortly thereafter Cooper and Watt were denounced 
by Robespierre who planned to send them secretly to 
the guillotine. Being warned, they left France hur- 
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riedly. Cooper, who was thirty-three years old at 
the time, and who loved excitement and possessed an 
unusual amount of physical courage, wrote, 

“The four months that I spent in Paris were the most happy 
and pleasant of my life. Ilivedfour years. I laughed more than 
I ever did before or since.” 

Returning to England, Cooper found the public 
greatly agitated. He and Watt were denounced in 
British Parliament by Burke. Cooper, a born pam- 
phleteer, bursting into print at the slightest provocation, 
published a stinging reply, in which he said: 

“Mr. Burke is probably mistaken in supposing us the worst 
men in the Kingdom, while he is still alive to make the assertion.” 

With this colorful background, Thomas Cooper 
came to the new world in 1793, and reflecting upon his 
experiences, wrote, 

“The French are a wonderful people, but in my opinion rather 
to be admired at a distance than fit for a peaceable man to re- 
side among... I look for happiness amid the attachments of 
friends and kindred; where the obligations of private society 
are inviolate; where I may talk folly and be forgiven; where I 
may differ from my neighbour in politics and religion with im- 
punity; and where I may have time to correct erroneous opinions 
without the intervention of the halter or the guillotine.”’ 

Cooper settled in Northumberland, Pennsylvania. 
He became a naturalized citizen of the United States in 
1795, was admitted to the bar and in time appointed 
President Judge of the Eighth District of the State. 
Practicing law, he found time to attend the sick as a 
physician, but refused to accept a fee for the latter 
service because he did not think it ethical to practice 
two professions for gain. For a number of years he 
lived in the household of Joseph Priestley. Consider- 
ing his temperament, he must have enlivened the 
family circle considerably. He took an increasing in- 
terest in public affairs and published numerous essays, 
including one upholding the freedom of the press, in 
which he persuaded that good housewife, Mrs. Joseph 
Priestley, to join him in print. 

Cooper had a real zest for life and adventure. He 
had a brilliant mind, but did not disdain the material 
comforts of life. He wrote “A Short System of Cook- 
ery” which he said he considered of more importance 
than a system of rhetoric or a system of metaphysics. 
He added, 

“Physicians write much solemn nonsense about wine, and 
spirit also, as well as tea. It is vain to inveigh against the 
use of wine. Those who can afford it, will drink it, and they 
have drunk it from the days of Noah to the present day. . .There 
is no doubt but that a beverage so productive of all companion- 
able feelings will be used to excess; what good thing is not?” 

He negatived a charge of intemperance, however, and 
proved by Joseph Priestley 


‘in whose house I have been domesticated these ten years... 
that he never saw me at any time affected by liquor . . . soas not 
to be in full possession of all my faculties, one evening excepted, 
when it was not perceived by the rest of the family.” 


This statement, with all due respect to Cooper, re- 
minds us strongly of the language of the Captain of 
the Queen’s Navy in “Pinafore,” who “never swore 
a big, big D—.” 

In a series of delightful papers appearing in the 





JouRNAL OF CHEMICAL EpucATION 


‘Portfolio,’ Cooper described a trip to Niagara Falls. 
He wrote, 

“Finding myself in Williamsport, about the beginning of May 

1809, and having a month to spare, I determined to take a ride to 
the Falls of Niagara.” 
He posted from three and one-half to twenty-eight 
miles a day. His way wound through the forest and 
scattered settlements. He observed the animal life 
of the wood—the deer, the wild pigeons. He made 
notes on the fertility of the land, mineral springs, and 
mineral deposits, such as coal, iron, gypsum, lime- 
stone. Cooper was in advance of his age in his knowl- 
edge of mineralogy and geology. On such excursions 
he carried a hammer and acids and went about breaking 
rocks and testing their mineral qualities. For such 
strange behavior he was considered by the ignorant 
to be impaired in intellect. Resuming his way to the 
Falls, he observed the potash works at Canandaigua. 
He reports good beer at Batavia, at five dollars the 
thirty-three gallons, made chiefly from wheat. He 
says that the month of May is a scarce time for fresh 
provisions in the back country, and hence it was that 
he ate fresh meat but four times in the month. He 
stopped at the Widow Berry’s and other wayside 
taverns. He records that the charges at the better 
taverns are’ two and sixpence per meal and a shilling for 
your bed. He rode through a wild storm with thunder 
crashing and lightning flashing, until stopped by heavy 
trees blown across his path. His horse fell lame, and 
he bled the poor animal to the extent of four quarts 
and turned him out to pasture. Arriving at the 
Falls, he described them as 


“‘a scene of grandeur and beauty unrivalled. I felt content 
that I had taken the journey. It was worth the trouble.” 


And he had the hardihood and vision to add, “I think 
the tour will become yearly more fashionable.” 

While residing in Northumberland in 1800, Cooper 
was accused under the Alien and Sedition Act of 
libeling President John Adams. He was arrested, 
tried, and convicted. He was escorted to jail in Phila- 
delphia, arm in arm, by the future Governor Dickerson 
of Pennsylvania. In discussing the affair later, he 
said, 

“It got me in jail, where I staid 6 months. But there I had 
good company every day. At night I had the best company in 
Philadelphia. . .Everything that was good was sent to me— 
claret, madeira, port, cider—everything came. God knows how 
or from where, and cost me nothing. However, I had to pay a 
fine of $400.00.” 

Through all this Priestley remained Cooper’s staunch 
friend and defender. President Adams, writing to 
Thomas Jefferson in 1813, said, 

“Scarcely anything that has happened to me in my curious 
life, has made a deeper impression upon me than that such a 
learned, ingenious, scientific and talented madcap as Cooper, 
should have influence enough to make Priestley my enemy.” 

Such was Cooper when he came at last to the turning 
point in his career and began his serious contributions 
to chemical education and industry in the United 
States—a period which dated from his appointment 
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as professor of chemistry at Dickinson College in 
Carlisle, Pennsylvania, in 1811. 

His appointment was opposed by the clergy, who 
had great influence at Dickinson College. Cooper 
was by creed a materialist, and was looked upon by 
many good people as an infidel and a heretic. This 
antagonism followed him throughout his life; it 
seriously hampered his academic career, brought him 
bitter disappointment, and saddened his declining 
years—but being Thomas Cooper, persecution made 
him only more outspoken in his views, and he remained 
an “honest heretic” to the end. 

The Reverend Mr. Atwater, president of Dickinson 
College, was opposed to Cooper, and writing to Benja- 
min Rush, a trustee of the institution, said, 

“If Mr. Cooper is continued here there is almost a moral cer- 
tainty that a great proportion of the young men will become 
infidels. . .He takes much pains to ingratiate himself with the 
students, inviting them to make chemical experiments in his 
rooms. He spends his Sabbaths there instead of going to church.” 
President Atwater describes an explosion which oc- 
curred in the laboratory and which temporarily blinded 
Cooper, and reading between the lines one wonders if 
the good doctor thought that Providence would take a 
hand in removing the infidel. Yet Dr. Atwater wrote, 

“Cooper has lectured with ability and as I have been an ad- 
mirer of chemistry I have felt it a privilege to hear him. But of 
late I have had some doubts as to the expediency of this.”’ 

And so, throughout his life, Cooper’s enemies re- 
spected his ability, they were irresistibly attracted by 
his broad knowledge and personal charm, and yet they 
had to condemn him. 

Cooper’s “Introductory Lecture’ at Dickinson 
traced the development of chemistry from the earliest 
days to Sir Humphry Davy’s contributions. He said, 

“It appears to me that the history of an art or a science is a 
proper introduction to the study of it; especially of chemistry.” 
It was one of the earliest scientific lectures published in 
the United States, appearing in 1812. Thomas Jeffer- 
son complimented him upon it, especially for its appli- 
cation of chemistry to domestic industry, such as brew- 
ing, fermentation, distilling, the making of bread, but- 
ter, cheese, and soap. Jefferson wrote, 

“Go on in all your good works, without regard to the eye of 
suspicion and distrust with which you are viewed by some, and 
be assured that you are justly estimated by the impartial mass 
of our fellow citizens, and by none more than myself.” 

But despite the friendship of men such as Jefferson 
and Priestley, the clerical opposition to Cooper at 
Dickinson persisted, and was without doubt con- 
tributory to his resignation in 1815. In a community 
divided, the funds of the institution decreased, and 
the trustees found themselves unable to make such 
addition to his compensation as his services demanded. 
They regretfully accepted his resignation and added, 

“In taking leave of you, Sir, we cannot withhold the unasked 
but just acknowledgment of the great and important benefits 
the institution has received from you, and the declaration that 


all your conduct, either as a professor or as a gentleman, has been 
such, as in every respect, to meet our warmest approbation.” 


Cooper made three important contributions to 
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scientific literature while at Dickinson. In 1814 he 
prepared the second American edition of Frederick 
Accum’s ‘System of Theoretical and Practical Chem- 
istry,’ with an appendix in which Cooper gave a con- 
densed summary of the late doctrines and discoveries 
in chemistry, which had accumulated in the seven 
years since the last edition of Accum’s work. 

From 1813 to 1814 he served as editor of the ‘“Em- 
porium of Arts and Sciences,” a journal devoted to 
practical papers on manufactures and the arts at a 
time when such information was needed to enable 
American manufacturers to participate in the progress 
of science. It was invaluable when communication 
with the old world was slow, and scientific and trade 
journals scarce or non-existent. 

“A Practical Treatise on Dyeing and Callicoe Print- 
ing’’ was published by Cooper in 1815. In the pref- 
ace, he refers to the fact that he had been engaged in 
such an industry in England, and adds, with charac- 
teristic assurance, 

“Still, I send out this book, as upon the whole, the best book 
on the subject of dyeing and printing now extant, scanty as the 
information may seem.” 

As a matter of fact, it was pronounced by the ‘‘Port- 
folio” ‘‘one of the greatest benefits conferred hitherto 
upon the useful arts on this country . . . [opening] an 
extensive prospect of improvement to every dyer.”’ 

Cooper’s reputation as a man and a scholar brought 
him frequent invitations from institutions of learning. 
Upon resigning from Dickinson, he was offered a 
professorship of chemistry at Transylvania University 
in Kentucky. He considered it favorably for a time, 
making as a condition that he would ‘‘on no considera- 
tion be under the direction or control in any way of 
any clergyman from New England, or elsewhere.”’ 
A petition signed by ninety-three citizens of Lexington 
urged his election to the presidency of the institution. 
But for reasons connected with legislative action in 
regard to the finances of the College, Cooper declined 
the professorship. 

In the year 1816 we find Thomas Cooper in Phila- 
delphia, appointee at the University of Pennsylvania 
as professor of chemistry and mineralogy applied to 
agriculture and the arts. He was the first professor 
of these subjects in the college department of 
the University. Heretofore science subjects had 
been taught in the college under the general head of 
natural philosophy, and Benjamin Rush, James Wood- 
house, and Robert Hare had held appointments in 
chemistry under the medical school faculty. Although 
Cooper was limited to the application of chemistry to 
agriculture and the arts, in 1818 we find him presenting 
here a notable ‘“‘Discourse on the Connexion between 
Chemistry and Medicine.”” He was undoubtedly led 


to do this because at the time the importance of chem- 
istry as applied to medicine was questioned by many 
members of the medical faculty, including the distin- 
guished Dr. Charles Caldwell, who in his introductory 
lecture had ridiculed the importance of chemistry to 
medicine. 


He said, 
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“Shall I be told that chemistry aids in the explication of any 
of the phenomena or laws of the living body, either in a healthy 
or diseased state? That it sheds any light on physiology, pathol- 
ogy or therapeutics?. . . As far as chemistry has mingled in dis- 
cussions of this nature, it has not only darkened them, but filled 
them with error.” 


Cooper thought that Dr. Caldwell should be told these 
things, and proceeded to publicly so inform him. He 
said, 

“Twenty years has changed the whole face of chemistry, in its 
theory, in its practice, and its application, and the bands of 
alliance between chemistry and medicine are growing every day 
more indissoluble. As applied to medicine, the science, I ac- 
knowledge, is yet in its infancy; but it is the infancy of Her- 
cules. Medical chemistry has, in fact, just commenced its 
career.”’ 


With views far in advance of his time, he advocated a 
broader training for medical students, with a four- 
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Tuomas Cooper, 1759-1840 


From a silhouette made from life at Columbia, S. C., 
May 2, 1839, by William H. Brown. 











year course to replace the three-year period then in 
practice. He said: ‘‘We must adopt this period ul- 
timately.”’ 

Cooper delivered masterly courses in mineralogy at 
the University of Pennsylvania, and stimulated the 
science subjects in the curriculum here as he had at 
Dickinson. In June, 1821, he resigned his professor- 
ship. There is no direct record of religious difficulties 
at Pennsylvania; perhaps the tolerance of a larger 
community brought him comparative peace, but in- 
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directly we must infer that the difficulties continued 
as is shown by later developments. 

While at Pennsylvania he published in the Journal 
of the Franklin Institute ‘‘Experiments and observations 
on some alloys of platinum’’; also ‘‘An analysis of the 
iron blue earth of New Jersey” and an ‘Essay on 
bleaching” in the Transactions of the American Philo- 
sophical Society. He published a revised and corrected 
edition of Jane Marcet’s ‘“‘Conversations on Chem- 
istry.’ He also edited, with notes, ‘‘A System of 
Chemistry,” by Thomas Thomson, in four volumes. 
In his ‘‘Notes’” Dr. Cooper discussed the atomic theory, 
chlorine, iodine, and fluorine, the introduction of the 
earths among the metals, and the acid character of 
hydrogen. He included a condensed representation 
of the atomic theory at the end of the first volume. 

An original contribution from his pen was a book 
entitled ‘Some Information Concerning Gas Lights,” 
1816. At that time no gas light system had been 
adopted in America. Cooper said he had been in the 
habit for four years past of exhibiting and burning 
the inflammable gas from coal or wood before his 
chemical students as a part of the lecture on various 
methods of procuring carbureted hydrogen gas. The 
book contains six plates of machinery for producing 
gas in a large way for cities, or in a small way for 
theatres, factories, or private houses. 

Thomas Jefferson’s friendship and correspondence 
with Cooper continued over a period of years. Jeffer- 
son’s ambition was to establish a center of education in 
Virginia on a broad and liberal plan. It was the 
absorbing occupation of his later years. Among those 
whom he consulted Cooper “took first rank, being a 
man of broad university culture, well trained in chem- 
istry, physics, mineralogy, physiology, law, and political 
economy.” As early as 1814 Jefferson wrote Cooper 
of his plan and said, ‘“‘Should it happen, it would offer 
places worthy of you, and of which you are worthy.” 
At the first meeting of the Board of Visitors of the 
University of Virginia, Cooper was appointed pro- 
fessor of chemistry, mineralogy, and natural philosophy. 
His appointment had the distinction of being endorsed 
by three presidents of the United States, Thomas 
Jefferson, James Madison, and James Monroe. Pro- 
visional arrangements were made to transport his 
library and chemical apparatus to Virginia, as well as 
his collection of minerals, then one of the finest in the 
country. His duties were to be assumed when the in- 
stitution was sufficiently equipped to accommodate 
the new faculty. 

In the meantime the hue and cry in regard to his 
religious opinions broke forth. Some of the trustees 
feared it would be dangerous for a new institution to 
oppose popular opinion by receiving him on the faculty. 
Cooper, bitterly disappointed in what had become the 
dream of his life, but appreciating the embarrassment 
of the institution to which he had been invited, wrote 
a manly letter of resignation, saying, 

“I regret the storm which has been raised on my account, 
for it has separated me from my fond hopes and wishes. What- 
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ever my religious creed may be, and perhaps I do not exactly 
know it myself, it is a pleasure to reflect that my conduct has not 


brought and is not likely to bring, discredit to my friends. Wher- 
ever I have been, it has been my good fortune to meet with... ar- 
dent and affectionate friends. I feel persuaded I should have 
met with the same lot in Virginia had it been my chance to have 
settled there.” 

The loss of Cooper was a great blow to Jefferson, who 
wrote, 

“T do sincerely lament that untoward circumstances have 
brought on the irreparable loss of this professor whom I had 
looked to as the cornerstone of our edifice. I know of no one 
who could have aided us so much in forming the future regula- 
tions of our infant institution.” 

Cooper, however, was not lost to the South. He 
turned to the College of South Carolina, and in 1821 
was elected president of the institution and professor 
of chemistry. The following account of him is written 
by one of his colleagues there, Professor LaBorde, 

“At the period of Dr. Cooper’s election to the chair of chemis- 
try at South Carolina the science was in comparative infancy. 
He brought to the chair a knowledge of it as it existed, and soon 
elevated it to a rank and popularity not surpassed by any other 
department of the College. Never, perhaps, was there a better 
lecturer, a finer teacher... He gave the first great impulse to 
the cause of physical science in the state of South Carolina, and 
it was he who first made known to our people the names of Watt, 
Cavendish, Black, Scheele, Davy, Lavoisier, and Priestley ... 
He had mingled intimately with the most remarkable men of the 
old world and the new. With wonderful art he could weave a 
dinner with Priestley, a glass of wine with Robespierre, a supper 
with the Brissotians, or a race for the Convention against the 
Duke of Orleans, into a lecture on asbestos, soda or magnesium... 
There were in his teachings no parade, no affectation, but the 
great truths of science were uttered with childlike simplicity. 
His industry and enthusiasm were unsurpassed—he loved knowl- 
edge for its own sake, and engaged honestly in its pursuit. He 
loved the College, labored honestly, and not in vain.” 


It is of interest to note that at the College of South 
Carolina Cooper taught political economy—the first 
professorship in the subject established in the United 
States. Cooper was active in the cause of Jeffersonian 
democracy; he called himself a Constitutional demo- 
crat. He was an ultra states-rights man and forecast 
the secession of the southern states. In 1826 he 
published a book entitled ‘Lectures on Political Econ- 
omy” in which he said, 

“A nation, like an individual, must practice and promote in- 
dustry and frugality, if the individuals who compose it would 
live safely and comfortably at home, and be respected abroad.” 
Cooper’s doctrine of individualism is shown by a 
dialogue which appears on the title-page of the book, 

“Gentleman, what measures can Government adopt to pro- 
mote the interests of commerce? 


Merchants: Let us alone. 
own business.” 


Permit us to quietly manage our 
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He continues, 


“The President of the United States is a very wise man; so 
are all our senators and representatives, all wise men; and the 
city of Washington contains the congregated wisdom of the na- 
tion. But none of them can instruct me whether it would be 
more advantageous to purchase a chemical article for my labora- 
tory than to make it there... Every man is the best judge of his 
own business... Therefore the laws of the community interfere 
imprudently when they direct the industry of individuals... 
when that industry is innocently exerted... The accursed pro- 
pensity of claiming wisdom as the inseparable companion of 
power, has pervaded the government of every nation not ex- 
cepting our own; and mankind has yet to feel here, as elsewhere, 
the evils that arise from needless intermeddling and governing 
too much.” 


At times Cooper felt isolated in the small town of 
Columbia; he missed the life and contacts of a large 
city. In introducing a young portrait painter to Mr 
Sully, the artist, in Philadelphia, he wrote, 

“T hear nothing of art here. I might as well live in the swamps 
at once for any superiority of the means of information which I 
can find in this town. But it is pleasant; the climate good; the 
people better.” 

He established a chair of geology and mineralogy in 
the College, and had he confined himself to collegiate 
affairs all would have been well, but he plunged into 
religious controversy and this led to his downfall. 
He busied himself with a translation of Broussais’ 
book on “Irritation and Insanity” but included in it 
two tracts on Materialism. Complaint was made of 
him to the Legislature, 

‘Whereas: It is alleged that Dr. Cooper has by the promulga- 
tion of certain opinions, become odious to a large and respectable 


portion of the people of the state... the College has sustained in- 
jury from this circumstance.” 


His friends sprang to his defense, the charges were 
eventually dismissed by the Legislature, but the public 
was not satisfied and the affair culminated in his res- 
ignation from the College in 1833. 

Thomas Cooper’s services to chemical education and 
to industry consist chiefly in the stimulus which he 
gave to science in the curricula of many institutions in 
a day when the humanities held sway and science was 
looked upon askance; and in the assistance rendered 
to early American industry by the clear-cut and useful 
information which he disseminated as author and 
editor of scientific publications. 

Upon his retirement from the College, Dr. Cooper was 
appointed to revise the statutes of the state of South 
Carolina; and it was while engaged in this task that he 
came at last to the end of the road in 1840, at the age 
of eighty-one years. 
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SYMPOSIUM on tests frequently becomes a 
A debate for or against new-type tests as opposed 
to essay examinations. Apparently the question 
of the form of the examination has engrossed the atten- 
tion of teachers to the exclusion of other questions. It 
is,my belief that this concentration upon the form of the 
test has hindered the development of more satisfactory 
examinations in chemistry. The situation is very 
similar to an argument over the merits of particular 
automobiles in which all of the discussion centers around 
the advantages of a coupé in contrast to a roadster. 
The type of body is, of course, a factor in selecting 
an automobile, but the first question ought to be con- 
cerned with the effectiveness of the motor. An auto- 
mobile is purchased for certain uses, and the value of 
the machine must be judged in terms of those uses. 
In the same way, a test or examination is made for 
certain uses, and the problem of first concern to teachers 
should be the value of particular examinations for 
the uses to which they are to be put. 

What are the uses which a program of testing should 
serve? Each individual student can direct his own 
study most intelligently only as he discovers his 
accomplishments and his difficulties. Without this 


knowledge he may be guided only by immediate inter- 


* Contribution to the Symposium on Tests and Examinations, 
Kansas City Program, conducted by the Division of Chemical 
Education at the Ninety-first Meeting of the American Chemical 
Society, Kansas City, Missouri, April 14, 1936. 


est, by intuition, or by blind faith in the efficacy of 
study procedures he has always followed. A good 
examination program should provide each individual 
student with information about his own accomplish- 
ments and difficulties, giving him a basis for intelligent 
use of study time. 

Tests are also given in order to discover the diffi- 
culties which most of the class is having so that the 
teaching emphasis may be directed toward overcoming 
these difficulties. Ina subject like chemistry, in which 
the content is continuously developing, the following 
of prescribed teaching formulas is no guaranty of 
effective teaching. Instead, the teacher is faced with 
the responsibility of continuous appraisal to find the 
points at which the course is proving effective and to 
obtain a basis for intelligent experimentation at those 
points where the desired results are not in evidence. 


Another most significant purpose of examinations is 
to develop more effective materials and procedures of 
instruction. Current educational literature is filled 
with enthusiastic advocacy of various types of teaching 
materials and teaching procedures. Arguments, many 
of them heated, are to be heard at every gathering of 
teachers, relative to the possible merits or defects of 
these materials or procedures. Evidence, however, as 
to various kinds of students is sadly lacking. In 
medicine, the profession has come to accept the need 
for thorough and careful testing of drugs and treet- 
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ments before they are widely used. In teaching it is 
equally important to encourage thorough experimen- 
tation and to demand careful appraisal both to safe- 
guard the student and to provide for continually im- 
proved educational procedures. 

These major purposes of examinations should not be 
forgotten when considering the values of any particular 
testing program. These purposes require tests which 
really show how well students are progressing in their 
school work. Hence, a satisfactory test or examination 
must first be one which actually gives us evidence of 
the amount of progress which students are making. 
What constitutes progress in school work? It is 
certainly true that every change which takes place in a 
student during the time he is in school cannot be con- 
sidered progress. During the time he is in high 
school and college the student may grow taller, he 
may grow fatter, he may acquire a new slang vocabu- 
lary, his voice may change, but we do not consider 
these as evidences of the progress of students in their 
school work. Each subject which is taught in school 
or college is offered with the expectation that students 
who take this subject will undergo certain desired 
changes as a result of the course. In arithmetic, 
for example, it is expected that students will acquire 
a certain understanding of the meaning of number, and 
they will become somewhat skillful in solving numerical 
problems. These changes, which we expect to take 
place in the student, are the objectives of the subject. 
It is apparent that a satisfactory test in arithmetic is 
one which shows us the degree to which students are 
reaching these objectives, that is, the degree to which 
they have acquired an understanding of the meaning 
of number, and the degree to which they have become 
skillful in solving numerical problems. In a similar 
fashion every subject offered involves certain objectives 
which we hope students will reach as a result of in- 
struction in this subject. A satisfactory test or ex- 
amination in any subject is an instrument which gives 
us evidence of the degree to which students are reaching 
the objectives of the subject. 

Considered from this point of view it becomes neces- 
sary to enlarge the common conception of a test or 
examination. Many people have limited the con- 
cept of an examination to a paper and pencil test. 
This is obviously a harmful limitation. Sometimes 
the best way to get evidence of the desirable changes 
which are taking place in students is through observa- 
tion, or by other means. To use only paper and 
pencil tests might seriously restrict the opportunity 
for determining the progress students are making. 

Another fact emerges when we consider tests from 
the point of view of their uses. The value of a 
test must be judged by whether it is an effective tool 
for determining how well the students are attaining 
the important objectives of instruction. This means 
that teachers must formulate the objectives which 
they are trying to reach in a particular ‘course and 
then make or select tests which cover each of these 
objectives. Failure to do this in the past has made 
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our uses of tests ineffectual and ofttimes pernicious. 
This is illustrated in chemistry, just as well as in other 
fields. 

When we consider current examining practices in the 
light of this broader conception of testing it is obvious 
that many of them fail to achieve their purposes be- 
cause they are too narrowly conceived. This is true not 
only of locally made examinations, but of many stand- 
ardized tests. 

Persistent attempts are made to construct one 
standardized test to cover an entire course or an entire 
subject. Exceptions to this method are the tests in 
arithmetic, reading, and language; but in the content 
subjects in high school and college, a single test often 
is made to cover an entire course. The author con- 
structing such an examination is determining not only 
the particular objectives to be measured by the test, but 
also the relative emphasis to be assigned to each of 
these objectives. Consider, for example, some com- 
monly used standardized test in American history. 
The author selects the items to cover each of the im- 
portant aspects in the test, and he sets a certain rela- 
tive value on them. Every teacher using this test is 
evaluating his instruction by an instrument which 
measures each pupil’s achievement in terms of the 
emphasis judged important by the author of the test. 
From institution to institution and from teacher to 
teacher, we find differences in the relative importance 
attached to the various objectives to be reached through 
instruction in any subject. This is especially true in 
high school and college, and as a natural result, we 
find many teachers and administrators becoming criti- 
cal of standardized tests. They make such comments 
as: “This does not measure the objectives which we 
are trying to attain in our classes,” ‘‘This test mainly 
measures information, whereas we place major em- 
phasis upon interpretation of facts and upon attitudes.” 
Such criticism is often sound. Tests constructed in 
this way and used as they have been in the past may 
place a ‘‘strait-jacket’’ upon education. Legitimate 
differences in the emphasis placed upon the various 
goals to be reached in any school subject are to be 
expected with variations in environment, in types of 
pupils, and in philosophy of education. No single 
test can be an equally valid measure of instruction for 
every school in the country or even for every school 
in a single state. 

On the other hand, it would be unfortunate if every 
teacher in the state or country could depend only upon 
examinations or tests which he has constructed. Few 
teachers have the time to develop the refined measuring 
instruments necessary to make an exact evaluation of 
the results of instruction. Few institutions can afford 
the cost of special agencies devoting their time to the 
construction of improved examinations. Much of the 
promise of better tests disappears if complete reliance 
is placed upon examinations constructed by the individ- 
ual teacher or institution. There is equally small 
promise of better tests if the objectives to be measured 
and the emphasis to be placed upon each objective are 
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decided by a maker of standardized tests who makes 
no provision for the variations among institutions and 
instructors. 

The choice in my opinion is not limited to these two 
possibilities. A codperative program of test con- 
struction can be developed which provides for the 
differences in the objectives emphasized by different 
instructors and institutions and at the same time con- 
tains the advantages of the standardized test. This 
program is based upon the conception of an examina- 
tion not as the device for measuring the subject, but 
as an instrument for measuring one of the objectives 
to be attained by the subject. An adequate measure- 
ment of results reached by teaching the subject would 
require a series of examinations testing each of the 
important objectives set for this subject. Thus, one 
examination in chemistry is not enough, but a series of 
devices are needed for measuring such important ob- 
jectives as the ability to apply chemical facts, laws, and 
theories; the ability to draw conclusions or to set up 
hypotheses from experimental data; the ability to 
formulate procedures for testing hypotheses; memory 
of the basic chemical facts, laws, and theories; the 
ability to manipulate simple chemical laboratory 
equipment. When examinations are conceived in this 
way it is possible to devise a measure of an important 
objective of chemistry which may be used widely 
throughout the country, for wherever there is diver- 
gency of opinion as to the importance of this objective 
it can be given a different weight. A comprehensive 
examination program under such a plan would consist 
of a series of tests measuring the objectives considered 
important by the institution in question. When 
satisfactory tests for a given objective have been 
developed on a national scale, they would be available 
to all institutions. However, the local school or college 
should be free to select those tests which are appropriate 
for its chemistry courses and to supplement these 
tests by other examinations when needed to gain a more 
adequate picture of the student’s progress. The re- 
sults of each of these tests would then be weighted in 
accordance with the judgment of the institution as to 
the relative emphasis to be placed upon each objective. 

Furthermore, when an institution can determine the 
relative value to be assigned to various objectives, it 
can then interpret the results of its own teaching in 
the light of the student’s attainment of these funda- 
mental objectives. The development of tests to 
measure the attainment of the various objectives ac- 
complishes two other desirable purposes. It calls 
the student’s attention to the various objectives instead 
of encouraging him to cram for facts, as many current 
examinations do. It also reduces the possibility of 


serious neglect of fundamental objectives on the part 
of individual instructors. 
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The advantage of this procedure lies in the fact that 
a device for measuring a particular objective can be 
worked out carefully, can be given thorough trial, and 
can be used widely among many institutions. Each 
instructor using the device, however, may interpret 
the measurement in the light of the emphasis he 
places upon that objective. 

A description of this plan should indicate its ad- 
vantages. As long as we attempt to measure all of 
the outcomes of the subject by one examination which 
gives one score for the student’s achievement, we are 
likely to place a “‘strait-jacket’’ upon education. As 
soon as we separate the objectives about which there is 
difference of opinion and measure each of these sepa- 
rately it is possible to develop examinations which 
can be used widely without solidifying educational 
procedures. It also makes it possible to obtain the 
assistance necessary to develop a valid and exact in- 
strument for measuring a particular objective. Per- 
haps an analogy may be drawn between educational 
measurement and the measurements made in medical 
diagnosis. As long as an attempt was made to evaluate 
health by a single rating which covered the various 
aspects of health in one judgment, little progress 
could be made in refining medical measurements. 
Now, however, it is possible to make a separate meas- 
urement of temperature by means of accurate ther- 
mometers, to measure blood pressure by means of 
carefully constructed instruments, to measure pulse 
rate separately, and to make such other measurements 
as have developed in the field of medical diagnosis. 
The validity and refinement of these instruments do 
not prevent physicians from interpreting the measure- 
ments in different ways. Some physicians place great 
emphasis upon temperature, others may attach greater 
importance to blood pressure, others to pulse rate, but, 
regardless of the difference in relative importance, 
medical science is able to use the same instruments for 
making its diagnosis. 

If we are to have valid, accurate, and carefully con- 
structed instruments for measuring the results of 
teaching, it requires the efforts of many people and the 
opportunity for trial and revision. These are only 
possible when such instruments are used widely. Such 
a program cannot succeed, when we have widely diver- 
gent opinions about objectives, unless each objective 
is measured separately so that many institutions can 
use the same instrument even though they interpret 
the results in different ways. The need for careful 
appraisals of the progress of our students is too obvious 
for us to remain content with examinations that are as 
incomplete and unreliable as those which we have time 
to develop when working individually. By developing 
some of our measuring instruments codperatively we can 
obtain a more comprehensive and,helpful appraisal. 
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HEMISTRY is an international science and 
knows no national borders. Nevertheless, it 
may not be amiss to call attention to the con- 

tributions of different nations to the story of chemistry. 
There are nations which because of geographical or 
linguistic isolation do not participate in general scien- 
tific intercourse. As a result of such handicaps the 
contributions of their scientists are not generally 
known. Finland is such a nation. It is the purpose 
of this short paper to call attention to the work of the 
chemists of Finland. 

Until recently there has been but one university in 
Finland so that the story of chemistry in this country 
is really the story of chemistry at Finland’s university, 
first at Abo (1640-1827), now at Helsinki. A Technische 
Hochschule was organized at Helsinki in 1847, but 
apparently did not function very effectively until its 
reorganization in 1879. Since the war two additional 
universities have been organized; the Swedish univer- 
sity at Abo and the university of Turku. (Turku and 
Abo are the Finnish and Swedish names, respectively, 
for the city of Abo.) 

Chemistry in Finland can be said to begin with 
Johan Brovallius who was appointed professor of phys- 
ics at the university in 1707. He had taken his degree 
at Uppsala. Brovallius, or Brevall, as his name is 
sometimes given, found time when not teaching phys- 
ics, botany, mineralogy, or chemistry, to conduct some 
independent investigations. His studies of arsenic, 
which led him to designate this element as a “‘half- 
metal,’’ were communicated to the Swedish Academy 
of Science. Kopp in his Geschichte calls attention to 
this work (1). 

In 1746 when Brovallius accepted a position on the 
theological faculty, chemistry lost an able experimenter. 

Chemistry was given an impetus under Pehr Kalm 
who was appointed to the chair of Agricultural Eco- 
nomics. It was incumbent on the holder of this profes- 
sorship to do everything in his power to promote the 
comfort and well-being of the people (2). Kalm madea 
trip to America in furtherance of the duties of this 
position. The dissertations published by him dealt 
mostly with mineralogical chemistry. 

After Kalm, the professor of chemistry was Johan 
Pihlman. But Pihlman did not remain in the univer- 
sity very long, devoting himself instead to the priest- 
hood. However, before he left the university, he 
suggested many improvements in the saltpeter works 
of which he was also inspector. 





* Presented before the Division of History of Chethistry at the 
Ninety-first meeting of the A. C. S., Kansas City, Missouri, April 
14, 1936. 
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The first real professor of chemistry was Pehr Adrian 
Gadd who was appointed in 1761 following the separa- 
tion of chemistry from agriculture. Gadd was born in 
1727 in Pirkkala, and was educated at Abo. In 1749, 
after becoming a Magistrat, Gadd became Docent. He 
took the place of Kalm while the latter was visiting 
America. In 1758 he was appointed assistant to the 
professor, but because he wished it so, he received no 
salary. Gadd showed a decided interest for the 
applications of science to practical life; he devoted 
much of his experimental work to technical, minera- 
logical, and agricultural chemistry, rather than to the 
theoretical. His work in technical fields was con- 
cerned with plant coloring, alum manufacture, pro- 
duction of mortar and cement, potash, saltpeter, and 
mineral water. His greatest interest was in the in- 
vestigations pertaining directly to agriculture. The 
introduction of rational scientific farming into Finland 
and Sweden was in a great part due to the zealous en- 
deavors of Gadd. The humus theory of Gadd ex- 
plained the fertility of soil as being caused by the 
presence of decaying plant and animal matter in it. 
Although this theory was later definitely disproved 
by Liebig, Gadd used it to great advantage in intro- 
ducing scientific farming into Sweden and Finland. 
Gadd is said (2) to have been instrumental in the es- 
tablishment of the first chemical laboratory in Finland 
in 1764. At this time, however, only the faculty made 
use of its limited facilities. 


In this account of Finnish chemists the name Erik 
Laxman must be included, though he was not in Fin- 
land. He graduated with a degree in theology in 
about 1757 and taught in St. Petersburg and later in 
Siberia. In Siberia he gained access to a small labora- 
tory and began to study chemistry and metallurgy. 
He soon made a discovery of gteat technical impor- 
tance, namely, the application of Glauber’s salts in 
glass manufacture. In addition to his chemical achieve- 
ments, Laxman was prominent as a botanist, physicist, 
zoologist, mineralogist, geographer, and explorer. In 
1770 he was elected to the St. Petersburg Academy of 
Science. He died suddenly in 1796 at the age of 59, 
while on an expedition in Siberia. 

Perhaps the foremost chemist of Finland was Johan 
Gadolin, the grandson of Johan Brovallius. Gadolin 
was born in 1760, studied under Gadd at Abo, and 
later under Torbern Bergman at Uppsala. After 
traveling over most of Europe, presumably on a fellow- 
ship grant, Gadolin returned to Abo as professor in 
1789. Komppa describes him in the following words: 
“Richly endowed and showing the best schooling, 
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Gadolin devoted his life to pure scientific research. 
From the very beginning he showed complete command 
of scientific methods, seizing boldly the hardest and 
deepest problems and working with decided results. 
Through his efforts chemistry obtained a permanent 
place in the Finnish university; he reached at one stroke 
the level of general European Chemistry’’(2). 

Gadd established the first chemical laboratory in 
Finland, but it was Gadolin who extended its use to 
students. His was, therefore, one of the first labora- 
tories for student instruction. Like the laboratory of 
Lomonosov (3) opened in 1748 and that at Rensselaer 
Polytechnic Institute (4) of 1824, it has been completely 
overshadowed by the famous laboratory of Giessen. 
Liebig’s laboratory was opened in 1825 (5). 

When Gadolin entered the university as a professor, 
the struggle between the Phlogiston Theory and that 
of Lavoisier was at its height. Into this struggle Gad- 
olin entered earnestly. He was a disciple of Scheele, 
Bergman, Kirwan, and Crell—inshort, he was a phlogisto- 
nist. However, he was aware of the changes which 
Lavoisier was proposing and endeavored to under- 
stand them. No new theory is immediately accepted 
by all authorities in the field, and so it was with the 
combustion theory. Fourcroy, close as he was to 
Lavoisier, did not abandon the phlogiston theory for 
the new one until 1787; Morveau was not converted 
until he came into actual contact with it in 1786. In 
1788 Gadolin made a trip to England and Ireland. In 
this year, also, he published a paper on phlogiston, 
Einige Bemerkungen tiber die Natur des Phlogistons (6). 
In it he tried to define rigorously the conception of 
phlogiston and to describe what happens to it when a 
substance burns. He recognized that oxygen is neces- 
sary for burning. He does not concur with Kirwan 
that hydrogen is phlogiston. Gadolin would have 
phlogiston an element, but he was unwilling to associate 
with it any definite material characteristics, such as 
mass. He admitted in his paper on phlogiston that 
Lavoisier’s explanation of combustion was superior to 
some others offered by phlogistonists, but he was not 
yet ready to abandon phlogiston. 

The theory of calcination as proposed by Gadolin 
is a sort of bridge between phlogiston and the oxygen 
theory. The reaction or mechanism was somewhat as 
follows: oxygen consists of a weighable substrate and 
a non-weighable caloric; substances which burn, such 
as sulfur, carbon, metals consist of a weighable sub- 
strate and a non-weighable Lichtstoff; burning is a 
double decomposition, the weighable substrate of 
the fire-air (oxygen) combines with that of the sub- 
stance to form a calx, the caloric combines with the 
Lichtstoff, and fire results. This theory is not entirely 
incompatible with that of Lavoisier, especially when 
we recall that the oxygen of Lavoisier was not ex- 
actly our present conception. Lavoisier said that oxy- 
gen consisted of the principe oxygine et calorique (7). 
According to Gadolin the phlogiston was very probably 
in the Lichtstoff. His theory was accepted by many, 
but the word phlogiston was soon discarded. In 1803 
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he showed (8) that when phosphorus pentoxide is 
reduced by hydrogen to phosphorus, the loss in weight 
of the oxide corresponds to the weight of oxygen present 
in the water formed in the reaction. 

As early as 1790 his lectures show that he was ready 
to apply the theory to reaction but is not yet a convert; 
in the period from 1803 to 1812 we find him adopting 
the theory of Lavoisier together with the new nomen- 
clature, though still using the symbols of Bergman. 
Strange to say, Gadolin makes no use of the atomic 
theory of Dalton, of the law of definite composition, 
or of the discoveries of Gay-Lussac and Davy, a fact 
hard to reconcile with the record of his work on the 
problems of chemical proportions and chemical affinity. 
It appears that his chemical development stopped with 
the embracing of the Lavoisier theory. Some one 
has said (9) his acceptance of this theory exhausted 
his capacity to accommodate himself to the develop- 
ments in the rapidly changing science of the period. 
However, once he had accepted the theory, Gadolin 
became one of its most ardent champions, particularly 
in the North where he found it necessary to oppose the 
influence of Berzelius. In this connection, and in 
others too, Gadolin conducted an extensive correspon- 
dence with Berthollet, Morveau, Sequin in France, with 
Crell, Gmelin, Willekopp in Germany, and with Scheele, 
Gahn, Hjelm, Rinman, Wilcke, Ekeberg, Swartz, Cas- 
torni, and Geijer in the Scandinavian countries (10). 

With Berthollet and Morveau he discussed and criti- 
cised the new nomenclature, with Crawford, specific 
heat. In 1801 ina letter from J. F. Gmelin we have an 
interesting commentary of the time. The letter from 
Géttingen (Feb. 10, 1801) says, ‘“The galvanic battery 
of Volta and the separation of the sun’s rays into heat 
and light rays according to Herschel occupies the nat- 
uralists of Germany, vaccination with cowpox (occu- 
pies) its medical men and a fervent longing for peace 
(occupies) the hearts of its citizens” (11). 

Aside from his interest in theoretical chemistry, 
Gadolin contributed to “‘practical’’ chemistry also. 
To analytical chemistry he contributed the ferricyanide 
titration of ferrous iron. He had established the 
composition of Prussian blue and suggested a quanti- 
tative method of titrating ferrous iron solutions with a 
solution of known concentration of potassium ferricya- 
nide, the iron being precipitated quantitatively as ferro 
ferricyanide. It was probably one of the first volumetric 
methods of analysis suggested, and was fully forty 
years ahead of the introduction of the volumetric meth- 
ods by Gay-Lussac. 

Among Gadolin’s miscellaneous researches are those 
pertaining to the deposition of tin upon copper in a 
tartaric acid solution, and to the action of a flux in the 
melting of iron ore. By 1784 Gadolin had published 
two important papers on specific heat and in 1791 on 
the latent heat of steam (12). In 1786 Lowitz called 
attention to the adsorptive capacity of charcoal, claim- 
ing it to be due to the attraction of carbon for phlogi- 
ston. Gadolin applied the phenomenon to the puri- 
fication of saltpeter and attributed the action to the 
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mechanical adsorption due to high porosity (13). 

In 1792-93 Gadolin analysed a black mineral from 
Ytterby and recognized in it a new earth. As is well 
known this earth has since been found to have been 
a mixture of earths. The principal metal in this 
earth was later (1797) isolated by Ekeberg and called 
by him Yéterium.* 

Although Gadolin was an investigator of the first 
order, he did not neglect his duty as a teacher. Of the 
great service he rendered the profession through the 
practical use of the laboratory mention has been made. 
Feeling the need of a suitable textbook, Gadolin wrote 
in 1798 a text called Inleding till Chemien, (Abo, 1798), 
the first original textbook in the Swedish language 
written in the spirit of Lavoisier’s combustion theory. 
This book became the subject of an exhaustive criti- 
cism by the since-famous discoverer of electromagne- 
tism, H. C. Oersted, who compared it with the work 
of Fourcroy, Philosophie chimique (1792). In all points 
of controversy Gadolin was shown to be correct. In so 
doing, Oersted became one of the first to give the com- 
bustion theory of Gadolin—and thereby, of Lavoisier, 
full recognition. 

In 1822 Gadolin retired from active teaching, but 
reserved the right to lecture upon occasion. During 
this period of retirement he finished his compilation 
of minerals, Index Fossilium (14). The city and univer- 
sity of Abo were destroyed by fire in 1827, and along 
with the university buildings went Gadolin’s exten- 
sive mineral collection. The university was rebuilt in 
Helsinki. Gadolin died in retirement in Wirmo in 1852. 

The scientific services of Gadolin were highly es- 
teemed by his contemporaries. He had declined a 
call to the professorship in Géttingen in 1804 to succeed 
J. F. Gmelin. The scientific societies of Stockholm, 
St. Petersburg, Dublin, Géttingen, Uppsala, Moscow, 
and Marburg honored him with membership. To 
Gadolin belongs the distinction of being the only in- 
dividual who has been honored by having an element 
named for him. Marignac isolated from samarskite 
in 1886 a metal to which he gave the name Gadolinium 
(among the first of the rare earth metals). That a 
personality such as he, with his natural endowments 
and his extensive knowledge, should be in demand, 
even in other fields, is quite natural. But Gadolin 
always tried to draw attention away from the man to 
the scientist. Gadolin was influential in bringing 
about the political separation of Finland from Sweden 
and rendered great service in behalf of his country in 

other political capacities. 

The successor of Gadolin was his pupil Pehr Adolf 
v. Bonsdorff. He was born in Abo and took his 
degree there in 1815. In 1821 he studied under Ber- 
zelius on a traveling fellowship, and in the following 
year in England and France. Upon his return to Abo 
in 1823 as professor of chemistry, he entered into a 
long series of investigations and publications which 
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* The mineral was given the name Gadolinite by the German 
chemists. 
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won honorable mention from Berzelius and Thénard. 
With v. Bonsdorff’s appointment to the chair of chem- 
istry, the school of Berzelius won admission to Finland. 
Bonsdorff’s first work was on the composition of par- 
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gasite, an “amphibious” mineral found in the parish of 
Pargas. From this followed similar work on cordierite, 
wollastonite, red-gold, and dichroit. During his stu- 
dent days with Berzelius, v. Bonsdorff had written 
an exhaustive discussion on the tests by which the 
forms of minerals may be determined. In this paper 
the observations made by Mitscherlich a short time 
before (1818) found practical application. 

The most important research of v. Bonsdorff was 
concerned with the double halogen salts of alkali and 
alkaline earth metals with the heavy metals. On the 
merits of the investigation, v. Bonsdorff must be 
regarded as the discoverer of complex chlorides of 
sodium, potassium, magnesium, with HgCh, PtCl, 
and analogous bromides and iodides. He investigated 
and described some eighty of these salts, opposing the 
views of Berzelius upon their composition. In this 
connection he also discovered some acids containing 
halogen rather than oxygen, disproving that oxygen 
was really Sauerstof. Another paper, “On the In- 
fluence of Atmospheric Air in the Oxidation of Metals,”’ 
won for v. Bonsdorff the Londblom Gold Medal con- 
ferred by the Swedish Academy of Science. v. Bons- 
dorff greatly stimulated the study of chemistry in Fin- 
land through his very interesting lectures. He died 
in 1839 after a lingering illness. 
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After v. Bonsdorff, there came Adolf Moberg 
(b. 1813) whose investigation of the chromous com- 
pounds won for him the professorship. However, in 
1847 Moberg fell into disfavor with Berzelius, who ex- 
ercised considerable influence over the Finnish Univer- 
sity, and was promptly replaced by Adolph Edvard Arppe 
(b. 1818). With Arppe the study of organic chemistry 
began in Finland. His most important work includes 
the discovery and investigation of p-nitroanilines, which 
settled the question of the possibility of isomerism in 
aromatic compounds. In studying the oxidation of 
fats to dicarboxylic acids, he was successful in pre- 
paring for the first time in a pure form suberic, azelaic, 
adipic, and sebacic acids. These acids Arppe subjected 
to a closer investigation, but published no account of 
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the work. Bismuth oxide as well as the chlorides and 
iodides of bismuth were also investigated. 

In 1858 Arppe was elected rector of the university 
and his career in scientific research was ended. During 
his rectorate the acting professor of chemistry was J. 
J. Chydenius. Chydenius was named professor in 
1871 after the publication of a paper, ‘““Higher Phenols 
of the Series C, H2,-¢ Prepared by the Synthesis of 
Their Phenolethers.’’ Aside from his other work on 
mineral analyses, a paper Uber die Einwirkung des 
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Anitlins auf Platinchlorir und Schwefligsaures Plati- 
noxydul (2), should be mentioned, as well as one on 
thorium oxide. 

Simultaneously with Chydenius, H. A. Wahlforss, 
a student of Arppe and Wohler, worked in Helsinki 
as Docent of chemistry. Wahlforss worked for a short 
time in St. Petersburg as the assistant of Beilstein. 
Upon his return to Finland he was appointed professor 
of chemistry in the Polytechnical Institute. Here he 
investigated enanthyl and caproic acids and the oxida- 
tion of fats with dilute nitric acid. 

In the university the successor of Chydenius was 
Edvard Imanuel Hjelt. Hjelt was born in 1855, the 
second son of Professor Otto E. A. Hjelt. He was 
reared under the strict supervision of a family influ- 
enced by the religious movement then making great 
headway in Finland. In his writings Hjelt mentioned 
reading an autobiography of Benjamin Franklin and 
as a result he tried to improve himself as Franklin 
did—by noting his deficiencies and trying to overcome 
them. 

After studying at the university for three years, he 
passed his master’s examinations, even though he had 
not yet determined what his course in life was to be— 
medicine or chemistry. He finally decided on chemis- 
try, particularly technical chemistry. In 1875 he 
went abroad to Dresden for two years’ study. Upon 
his return to Finland he was given a stipend to prepare 
himself to teach at the Industrial School of Finland 
which was to be organized. He planned to study in 
Paris, but Cleve in Sweden advised him to go to Wis- 
licenus at Wurzburg instead. Again in 1879 he went 
to Baeyer in Munich; here he worked extensively on 
the amides of camphoronic acid. In this year he 
served as first assistant at Helsinki, because of the ill- 
ness of Chydenius. The summers of 1880 and 1881 Hjelt 
spent with Fittig in Strassburg conducting research on 
lactones and lactone formation. In July, 1882, he 
became professor. Hjelt maintained that lactone for- 
mation was probably due to space arrangement of the 
molecule. This had been previously proposed by 
LeBel and Van’t Hoff but had not been generally ac- 
cepted. He published a paper on intramolecular de- 
hydration of organic compounds in 1886, but returned 
to lactones with a paper on the reaction velocity of 
lactone formation in 1891. Again in 1903 he wrote a 
monograph on lactones, Uber die Laktone (Stuttgart, 
1903). With Ossian Aschan he collaborated in the 
preparation of Larobok i Organisk Kemi. His interest 
in history lent the work perspective. Hjelt was one 
of the three chemists who in 1891 organized the Fin- 
nish Chemical Society. 

Hjelt was called to be rector of the university in 
1898, thereby suspending his scientific activity as an 
investigator. However, he was active in writing 
memoirs, necrologies, and the like. The necrology of 
Frederick K. Beilstein (15) was written in 1907. A 
biography of Johan Gadolin was written with Robert 
Tigerstedt in 1908. In this year also Hjelt wrote 
about Liebig, Dumas, and Berzelius and their relations 
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to the radical theory (Stuttgart, 1908). Die Geschichte 

der Organishen Chemie (Braunschweig, 1916) was pub- 
lished in 1916. In 1918 Hjelt was elected honorary 
member of the Deutsche chemische Gesellschaft. 

His later life Hjelt devoted to public service in be- 
half of the liberation of Finland from Russian rule. 
He served as president of the Finnish Senate, and, like 
the French chemist, Pierre August Adet, who was 
French ambassador to America in 1795, Hjelt was the 
Finnish ambassador to Germany in 1921 (16). 

Among those on the present staff in chemistry at 
Helsinki is Adolf Ossian Aschan. Aschan was born 
in 1860, studied at Helsinki at Berlin with Hofmann, 
at Leipsic with Wislicenus, at Heidelberg under Meyer, 
and at Munich under Baeyer. He served as professor 
of chemistry from 1908 to 1927. During his earlier 
years Aschan spent most of his energy on research in 
many varied fields, from the extremely ‘practical’ 
analytical chemistry to problems of theoretical con- 
stitution. Later, however, Aschan limited his work 
to research in stereochemistry, camphors, and par- 
ticularly terpenes. Chemie der Alicyklischen Verbin- 
dungen (1905) and Die Constitution des Kampfers were 
written mainly in this connection. 

Chemistry in Finland received a great impetus 
under Aschan. He took an extremely modern 
view of the field and extended its applications in in- 
dustry and agriculture; he brought new vigor in in- 
dividual research. His students were usually much 
younger than the students of his predecessors. With 
Hjelt, Aschan wrote Ldrobok i Organisk Kemi. He 
was also active in recording the historical side of chem- 
istry in Finland. 

The other chemists now at Helsinki include A. J. 
Virtanen, who has been exceedingly active in bacterio- 
logical, biological, and agricultural chemistry. His 
work includes papers on feedstuffs, fermentation, food 
spoilage, etc. W. A. Wahl has been investigating the 
theoretical structure of boron; N. J. Toivonen is 
working with ketones; V. I. Sihvonen has for his work 
graphite and electrolytic processes. Among the most 
active of the chemists of the University of Turku is 
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M. H. Palomaa. He is continuing a lengthy series 
of investigations on ether-like compounds. 

At the Technische Hochschule are several chemists of 
importance. Karvonen has been investigating the 
ultra-violet absorption of organic compounds and in 
particular the products resulting from the destructive 
distillation of wood. G. A. Aartovaara was engaged in 
a search for element 87. An explosion in his laboratory 
(17) cost Aartovaara his sight. The sample of element 
87 which he sent to the U. S. Bureau of Standards for 
confirmation was radioactive, which is to be expected 
from its proximity to radium in the periodic table. 
The element 87 as discovered by Dr. Allison of Alabama 
is not radioactive. 

Also at the Technische Hochschule is Dr. Gust A. 
Komppa, whose work in the camphors is well known. 
He was born in 1867 and educated at Helsinki, Zurich, 
Leipsic, and the Sorbonne. He has been connected with 
the Technische Hochschule since 1899. Since 1908 
Komppa has been General Secretary of the Finnish 
Academy of Sciences; in 1934 he was elected president. 
He is also Chancellor of the University of Abo. 
Komppa was successful in synthesizing camphoric acid, 
thus establishing the formula for camphor. Recently, 
Komppa and his co-workers have been branching out in- 
to thionaphthenes, seleno-naphthenes, and santene (18). 

Taken as a whole, the achievement of the Finnish 
chemists is not one of huge proportions. Their en- 
vironment was such as to inspire work in few lines— 
geographical and linguistic barriers helped to keep their 
work from becoming generally known. As a whole, 
their ideas were far in advance of those of their con- 
temporaries. In most instances, the work of the 
Finnish chemists was repeated independently by 
others more favorably located to win prompt and gen- 
eral scientific recognition. Consequently, much of the 
chemistry that really belongs to Finland is generally 
attributed to other countries. The authors have 
tried to call attention to the lives and some of the 
accomplishments of a group of ‘‘forgotten” or ‘‘over- 
shadowed chemists’ (19) who certainly deserve credit 
for their work. 
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DIFFICULTIES in the APPLICATION 
of UNIFORM TESTS cn CHEMISTRY’ 


F. E. BROWN 


Iowa State College, Ames, Iowa 


HERE are so many difficulties and uncertainties 
in determining the abilities, performances, and 
attainments of students and so many chances 
that mistakes will be made in rating individuals that 
many teachers are reluctant to assume any personal re- 
sponsibility in these fields. They try to avoid writing 
test questions, grading students’ answers, and assigning 
ratings to individual students. The drift of schools 
toward grading by letters, or giving only passing and 
failing grades, the arbitrary assignment of a certain 
fraction of students to a grade group even before they 
are enrolled in the course, the use of objective exami- 
nations, and now the proposal to have a group of 
professionals write one set of examination questions 
in each subject for the whole United States, are suc- 
cessive steps taken by teachers to avoid a duty they 
assume when they accept an appointment. As our 
schools are now conducted, each teacher owes to each 
student three duties: first, to study the student and 
endeavor to learn his significant abilities, achievements, 
and possibilities when his term of instruction begins; 
second, during the term to make the subject in which 
the student is enrolled as attractive, stimulating, and 
easy to master as it can be made for that student; and 
third, at the close of the term to judge the success of 
the student in mastering the course, and the prepara- 
tion of the student for the subsequent courses based 
on the course just completed. The first duty is per- 
formed fairly well by the majority of teachers. The 
second is well done by every teacher worthy of his 
title. But the third duty must be performed alone, 
without the thrill of personal contact. It requires the 
preparation of fair test problems and questions, the 
guarding of these from premature publicity, the as- 
surance that each candidate has only the permissible 
helps while writing or working, and the grading of the 
many individual sets of answers. More disagreeable 
than this tiresome drudgery is the necessity of giving 
ratings to persons, and finally, worst of all, some in- 
dividuals chosen by the teacher must be told that they 
have done work of very low grade or even have com- 
pletely failed to prepare for more advanced courses. 
I know of few persons so brutal that they enjoy the 
performance of this last duty. 
Therefore, every lazy, indecisive, timid, sentimental 





* Contribution to the Symposium on Tests and Examinations, 
Kansas City Program, conducted by the Division of Chemical 
Education at the Ninety-first Meeting of the American Chemi- 
cal Society, Kansas City, Missouri, April 14, 1936. 


impulse left in too large measure in even the best 
teachers rises and pleads for something easy, impersonal, 
and mechanical. But, unless the machine can decide 
better, rather than more easily than we, it is our lazier 
and shallower selves, not our progressive and fairer 
selves, which choose the easy way. 

This last proposition, uniform questions for all 
freshman chemistry courses in the colleges and univer- 
sities of the United States, would infer uniform grading 
and would therefore necessitate the use of examinations 
with keyed answers, the objective type of examination. 

These proposed sets of questions will meet at least 
six sets of difficulties: first, the difficulty inherent in 
all objective tests—that a student who knows too 
much will be graded lower than one who knows just 
enough; second, that topics which are new or con- 
troversial cannot be graded in agreement with all 
of the texts in use; third, the requirement that all 
schools devote the same length of time to the examina- 
tion; fourth, that sets of questions must be prepared 
for students completing work at the close of each semes- 
ter and each quarter of the school year; fifth, that no 
provision can be made for the special interests of locali- 
ties, teachers, or groups of students; sixth, that the 
desire of both student and teacher to rank high in 
such tests might overshadow the desire for an educa- 
tion and that both might try to guess what would be 
asked and what its foreordained answer is, rather than 
seek for truth. 

All objective tests have at least one inherent defect. 
They assume that pertinent, significant, unequivocal 
questions to test all students fairly can be written. 
In pursuance of this belief, a single, unqualified, un- 
explained response is demanded for each question or 
statement. If the examination is significant and the 
group is large, this assumption is false and a student 
who knows too much and tells the truth is penalized. 

To show this, I have used Part C, of the Codperative 
Chemistry Test copyrighted in 1935 and recommended .- 
for use by the committee which is proposing these 
uniform tests. It is one of the best objective tests I 
have seen, but equivocal questions are included. The 
following statements are to be marked with a + if 
they are true: Statement 1 (a) reads, ‘‘When a sub- 
stance is formed, the reactants always react in the 
same relative proportions.”’ 

Aside from wondering what difference there might 
be between “‘relative proportions” and any other kind 
of proportions, the candidate must decide whether the 
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already chosen answer considers the law of definite 
proportions more valid than the known existence of 
isotopes, or the reverse. 

Statement 4 (f) reads, ‘“The pressure exerted by a 
given weight of a gas depends upon the other gases 
mixed with it.” Dalton’s law of partial pressures, 
which is far more nearly true if stated as a sum of 
volumes, will probably be called correct, though no 
recorded experiment has exactly confirmed it. State- 
ment 5 (c) reads, ‘“‘According to the ionic theory the 
units of crystal structures of many salts are ions, not 
molecules.” And 7 (d) reads, ‘“‘Molecules of electro- 
lytes dissociate when dissolved in polar solvents.” 
How can ions in question 5 become molecules in ques- 
tion 7? Statement 17 (0) reads, ‘Oxygen can be pre- 
pared by dissolving a metallic oxide in an acid.” I 
suspect that this is foreordained to be false, but when 
NazO> is dissolved in dilute acid Os is evolved. 

Statement 18 (g) reads, “Carbon dioxide is a very 
reactive substance.”” Carbon dioxide combines with 
water and bases at lower temperatures than oxygen 
combines with wood, coal, or iron, but I guess that 
the statement is false. One series of statements is: 
21. Metals are extracted from ores chiefly by: 


(a) reduction of the sulfide with a metal; 

(b) passing an electric current through a molten 
compound; 

(c) crushing and washing the ore; 

(d) melting the ore and drawing off the heavier 
metal at the bottom; 

(e) reducing the oxide with carbon; 

(f) reducing the oxide with aluminum. 


The word “‘chiefly’’ confuses me. Does chiefly mean 
to choose one method or all important methods? 

In 42 (d) the vitamin necessary for reproduction and 
growth of young animals before birth is to be chosen 
from the letters A to G inclusive. I know that E is 
to be marked correct, but within two hundred feet of 
my lecture room are goats whose parents and grand- 
parents throughout their lives have been deprived of 
vitamin E. My freshmen students know of these 
goats. What should they do? 

Second, new or controversial topics could not be in- 
cluded without great unfairness to some instructors and 
some authors. Just consider the possibilities of such 
a statement as: “All bases yield hydroxyl ions in 
polar solvents,’’ or “‘A base unites with a hydrogen ion 
and forms an acid,” or “pH = one divided by the con- 
centration of the hydrogen ion,’’ in schools which vary 
all the way from those whose acids and bases are mole- 
cules whose partial ionization furnishes hydrogen ions 
and hydroxyl ions to those who know only hydronium 
ions and bases weaker and stronger. Some classes ex- 
press weights of atoms by the use of a unit whose mass 
is one-sixteenth that of the oxygen atom; other classes 
know that atoms have merely relative weights. Con- 
centrations are not yet completely obsolete in spite of 
the progress of the exponents of activities. Inter- 
conversion of matter and energy, deuterium, applica- 
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tions of the idea of isotopes in compositions of com- 
pounds, neutrons in atomic structure, the usefulness 
of the cubic atom in contrast to Bohr’s or Sommer- 
feld’s idea of the atom, the use of more direct and 
modern evidences for the atomic and molecular ideas, 
the new particles positron, neutron, and a heavy nega- 
tive particle, the probability that even these are waves, 
and the advent of artificial radioactivity bring such a 
flood of apparent contradiction that there is no hope 
that all teachers will choose the same new material or 
the same presentation of what is chosen. Any un- 
explained true-false answer or multiple choice comple- 
tion of a statement including any of these important 
ideas cannot be fair to students in freshman chemistry 
as long as the texts and teachers differ so widely in the 
information which they dispense. The divided opin- 
ions of any supreme court appointed to review the 
answers would command very little respect. 

If complete uniform tests are supplied, each student 
must be given the same time to formulate his answers. 
At present, a very great variety of practices exists in 
giving final examinations. Some schools use only the 
last recitation period which is about one hour. Others 
have an examination week schedule which allows two 
hours for each subject. Still other chemistry classes 
use a laboratory period of three hours for the examina- 
tion. Frequently, the administrative authorities by 
general rule fix the times of all examinations, and forbid 
deviations from the schedule. 

The fourth difficulty is concerned with the possibility 
that some candidates may secure copies of the tests 
prematurely. Whenever it is known that success or 
failure in freshman chemistry for thousands of students 
will be determined, to a considerable extent, by the 
results of standardized tests, the possession of just 
one test copy will become very desirable. Experience, 
over long years, has shown that some teachers are as 
careless with examination questions as with money, 
and that students are far less honest in examinations 
than in financial matters, and far more daring in se- 
curing examination questions than in stealing property. 
To be entirely safe, a different set of questions would 
be required for each day on which examinations were 
given. To produce and distribute the number of 
different sets of questions which this would require 
would be expensive and laborious. 

Fifth, special interests of a region, of an instructor, 
or of a group of students should be included in every 
course in chemistry. Special mastery of these fields 
of more than usual interest should be recognized in 
tests and in grades given to students. Surely, students 
in Minnesota should know iron, students in Montana 
should know copper, students in Oklahoma should 
know petroleum, and Iowa State College students 
should hear of power alcohol. Any teacher has some 
special interests which he can present more vividly to 
students than other less familiar, though equally im- 
portant, subjects. If a special study is made of soaps, 
or perfumes, or sewage, or water supply, the examina- 
tion should include some recognition of the special 
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time given to that subject. While fundamental chem- 
istry is fundamental to any chemistry, some groups of 
students, because of similar history or similar aspira- 
tions, may have special interests. Without detriment 
to the course, applications of fundamentals may be 
chosen from any one of many fields. The particular 
operations chosen to illustrate general principles for a 
class composed entirely of home economics students 
would not be the same as those chosen for a class 
composed entirely of prospective ceramic or mining 
engineers. Again, the examinations should be made 
up of representative selections from the course taught. 

The sixth objection is probably the most serious 
objection offered in this paper. The immediate re- 
ward for hard study is a good grade. If the basis for 
grading is correct, the high grade is not only a reward 
for work done but a promise or at least an indication 
of further success. Every student worthy of the name 
desires to achieve and just as surely to have his achieve- 
ments recognized. All worthy teachers wish to in- 
spire, to aid, or, at worst, to drive the students in their 
classes to increased mental activity and development. 
They, too, wish to be recognized as having contributed 
to the mental growth of those entrusted to them. If, 
over a period of years, groups of students from some 
locality, or groups taught by particular teachers made 
poor records in uniform tests, either the localities or the 
teachers would be blamed for the unsatisfactory records 
which had been made. It is likely that these groups 
would attempt both to guess the fields which the next 
tests would emphasize and, further, to find what 
bias would be effective in predetermining the correct 
answers. All students and teachers are likely to be 
affected in some degree by the desire to do well in a 
uniform test. I can think of nothing more likely to 
interfere with the normal development of chemistry 
and the fairly satisfactory codperation of the teachers 
of chemistry than a misguided attempt of some group 
to force rapid acceptance of new ideas or the attempt 
of some conservative group to delay the use of new 
ideas by incorporating, in widely used tests, questions 
whose answers are not agreed upon by all authorities 
and setting up unchangeable answers for the purpose 
of grading such questions. 

The title of the paper is satisfied by listing difficul- 
ties, but a wholly destructive program is never a good 
one. Uniform tests can be arranged in such a way that 
they may be beneficial. Objective tests have the great 
virtue that they can be made to cover much territory 
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without too great expense of time in administration 
and grading. It is peculiar that those who write 
objective tests in chemistry so generally omit what 
was completely objective in the tests given since the 
oldest of us took our beginning chemistry. I refer to 
equations and problems. The forty-eight pages of 
uniform test include the origination of no equations, 
the completion of only eight equations, and the solu- 
tion of only six problems. The objection to ob- 
jective examinations, that one who knows too much 
may be penalized, can be met by allowing any student 
who believes that his answer is likely to differ from 
the accepted answer to state briefly why he answered 
as he did, by using such expressions as ‘‘law of definite 
proportions not exact because of isotopes” or ‘‘CO, 
combines readily with bases but is not easily decom- 
posed.”’ This practice increases the work of grading 
but increases the justice of the results. By extending 
this privilege of explanation, more new and not yet 
fully elucidated subjects may be included. 

The uniform test should not be the entire final exami- 
nation for any group. If the generally accepted fun- 
damentals of the science could be emphasized in a 
test which could be administered in one hour, a large 
fraction of the teachers of the country could find some 
place in their schedule to give it. Its use would pre- 
vent the giving of recipe courses in everything but fun- 
damental chemistry under the name chemistry, make 
the production and distribution of tests cheaper, enable 
more different tests to be prepared, and decrease the 
desire of students to secure tests because the uniform 
tests will have less influence in determining the fate 
of the students. After the contents of the uniform 
tests are known, each instructor should prepare sup- 
plementary questions or exercises which, together with 
the uniform tests, adequately and fairly determine, 
for the course actually taught, the degree of mastery 
for each student in the course. This modification of 
the plan would require more work on the part of the 
teachers, and would leave on them the final responsi- 
bility of deciding the ranking of students. Teachers 
should do whatever is necessary to be fair and accurate 
in their work and should assume all responsibilities 
which their positions bring to them. 

This briefer examination should be prepared and 
used. Then, if experience proved that it could be 
enlarged to test completely all of the students enrolled 
in freshman chemistry courses in the United States, 
it would certainly be a boon to teachers. 





SUMMER COURSES IN CHEMICAL 


MICROSCOPY AND QUANTITATIVE 


MICROANALYSIS AT CORNELL 


During the coming summer session at Cornell University, 
beginning July 5th and continuing six weeks, courses in chemical 
microscopy and in quantitative microanalysis will be offered. 

The work in introductory chemical microscopy includes 
micrometry and quantitative studies, polarized light and the 
optical and physicochemical properties of crystals, lens systems 
and illumination, photomicrography, ultramicroscopy, and fiber 
studies. A course in microscopical inorganic qualitative analysis 
will also be given. Inquiries should be addressed to Professor 


C. W. Mason, Department of Chemistry, Cornell University, 
Ithaca, New York. 

Quantitative microanalysis, with practise in typical methods for 
inorganic and organic materials, will be given by Professor M. L. 
Nichols, to whom inquiries should be addressed. 

Persons not desiring university credit may arrange to cover, 
in a period of less than six weeks, portions of the above courses 
most suited to their needs, but enrolment is limited and corre- 
spondence in advance of registration is advised. 

















An INTRODUCTION ?@o the 


SYMPOSIUM on ORGANIC 
ANALYTICAL REAGENTS’ 


WAYNE E. WHITE 


University of Kansas, Lawrence, Kansas 


HE TITLE which has been used for our sym- 

posium does not exactly define the subjects 

which we are to consider. It seems desirable, 
therefore, that we first analyze the title; then we may 
go on with the discussion with clearly defined limita- 
tions as to its expected scope. 

One might conceivably take our title—Organic 
Analytical Reagents—as applying to reagents for 
organic analysis, in which case the question might 
arise as to whether the reagents themselves were in- 
organic or organic in nature. Although a considera- 
tion of special reagents for organic analysis would un- 
doubtedly be of interest and value, we do not propose 
to devote any time to that topic today; our title, then, 
refers solely to organic reagents for use in inorganic 
analysis. 

Having thus limited the field of discussion, it may 
be desirable to clarify and classify the contents of this 
field. What various topics might be presented under 
the heading ‘‘Organic Reagents for Inorganic Analy- 
sis?’ The answer to this question is determined largely 
by the meaning we give to the word “reagent.”’ A re- 
agent is any substance used in the detection or deter- 
mination of another substance. There is a common 
tendency, however, to restrict the term “any sub- 
stance” in the previous sentence to only those sub- 
stances which undergo a chemical transformation in 
the detection or the determination of the other sub- 
stance. The difference between these two interpreta- 
tions may be illustrated by the precipitation of cal- 
cium sulfate in a solution containing some ethyl alco- 
hol. If calcium were the ion being tested for, then by 
the narrower interpretation only the sulfate ion or the 
compound yielding this ion would be considered the 
reagent, whereas by the more broad—and correct— 
definition the alcohol would also be a reagent used in 
the detection of calcium. 

Adhering to this latter definition we can distinguish 

* Introduction to the Symposium on Organic Analytical Re- 
agents, Kansas City Program, conducted by the Division of 
Physical and Inorganic Chemistry at the Ninety-first Meeting 
of the American Chemical Society, Kansas City, Missouri, 
April 16, 1936. 

The paper by John H. Yoe, immediately following, was a con- 


tribution to this symposium. Other of the symposium papers 
are: L. A. SARVER, “Reactive groups in organic reagents and 


their application in inorganic analysis,” J. Cum. Epuc., 13, 
511-4 (Nov., 19386); I. M. Kottnorr, ‘Indicators,’ Ind. Eng. 
Chem., Anal. Ed., 8, 237-9 (July, 1936). 
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the following classes of organic reagents for inorganic 
analysis. 


A. Organic solvents 

1. For one or both of the reacting substances. 

2. To induce and increase precipitation of 
water soluble substances. 

3. To extract soluble substances for purifi- 
cation of the remaining insoluble mate- 
rial, or for determination of the extracted 
substance. 


B. Organic precipitating aids—where the action is 
not one of displacement from solution as in A, 2, 
but rather of adsorption on the precipitate, 
e. g., the induced flocculation of zinc sulfide by 
minute amounts of gelatin as recently re- 
ported.! 


C. Indicators—acid-base, oxidation- 


reduction. 


adsorption, 


D. Organic primary volumetric standards for 


acidimetry, alkalimetry, oxidimetry. 


E. Organic compounds which serve directly as 
reactants in methods of analysis, 1. e., reagents 
in the narrow sense of the word. 


Of these five groups of reagents, only C, D, and E are 
to receive attention in our symposium and the most 
emphasis will be placed on Group E. The indicators 
were considered in a symposium held some time ago 
and therefore need not be reviewed in detail again at 
this time.? Reasons for, and justification for, particu- 
lar attention to these organic compounds which may 
be listed under group E of the above classification are 
probably apparent to us all. The dream of every 
analyst of having one particular reagent for each ele- 
ment and radical—a reagent which will serve equally 
well whether that element be in the pure state or in a 
mixture of the most complex nature—this dream ap- 
pears not entirely irrational and unrealizable when we 
think of the advance which has already been made 
through the application of organic compounds to 





1 CALDWELL, J. R. AND Mover, H. V., J. Am. Chem. Soc., 57, 
2372-4 (1935). 
2 “Symposium on Indicators,’ Chem. Reviews, 16, 53-111 (1935). 
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problems of analysis. We have reagents now which 
are practically specific, under the proper conditions, 
for a good many of the metals. In many cases the 
organic reagents have the further advantage of giving 
reactions of high sensitivity, sensitivities much higher 
than any realizable through the use of only inorganic 
substances, and formerly attainable only by spectro- 
graphic means. Most of the very sensitive reactions 
are those in which distinctive colors are produced. 
Here, of course, we have the obviously great advantage 
on the side of the organic compounds, since there are 
relatively few colored inorganic compounds. Other ad- 
vantages of the organic reagents will be cited in the 
papers to follow. 

It is not our intention nor desire, however, to rele- 
gate to the scrap heap inorganic chemicals which have 
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been found useful in analysis; many of the organic 
reagents are used only in connection with the inor- 
ganic, as in lake formation with the hydroxides of 
aluminum, magnesium, etc. Rather is it hoped that 
from this symposium there will come a better realiza- 
tion of the value of these special reagents (inorganic, 
as well as organic) and of the potentialities of research 
in this field. In this country we are depending chiefly 
on men like Feigl, Gutzeit, and Hellmut Fischer of 
Austria, Switzerland, and Germany, respectively, to 
give us new reagents and to show us how to use old 
ones more effectively. American chemistry should 
contribute more to world progress in this phase of 
chemistry of such great practical importance to life and 
industry, as well as to other branches of the physical 
sciences. 





ORGANIC REAGENTS an COLOR- 
IMETRY: 4 PROPOSED MICRO- 
TECHNIC for the SEARCH of NEW 
ORGANIC COLOR REACTIONS® 


JOHN H. YOE 


University of Virginia, Charlottesville, Virginia 


HERE are ninety definitely known chemical ele- 

ments. A few of these form colored ions in 

solution. An examination of the periodic table 
will show that the elements which have the property of 
forming colored ions occur, for the most part, closely 
associated in respect to their atomic numbers. Namely, 
beginning with titanium, atomic number 22, and pro- 
ceeding to copper, atomic number 29, we find these 
elements all yielding colored ions. To this list we 
must add a few others, for example cerium, number 58, 
gold, number 79, etc. Although the colors of these 
various ions could be made the basis of quantitative 
colorimetric methods, they are not so used for the 
reason they would yield only approximate values and, 
fortunately, in every instance we have other color re- 
actions more highly sensitive and more suitable for 
colorimetric work. Some of these color reactions are 
inorganic; others are organic. In addition to the 
colorimetric determination of simple ions, 7. ¢., ions 


* Contribution to the Symposium on Organic Analytical Re- 
agents, Kansas City Program, conducted by the Division of 
Physical and Inorganic Chemistry at the Ninety-first Meeting 
of the American Chemical Society, Kansas City, Missouri, April 
16, 1936. 


consisting of a single element, it is sometimes neces- 
sary or desirable to determine the concentration of an 
ion radical as, for example, the chromate ion, the bi- 
chromate ion, the permanganate ion, etc. Also, many 
non-electrolytes may be determined colorimetrically. 

The purpose of this paper is to present an outline 
for searching for new color reactions with organic com- 
pounds and to propose a procedure for a thorough in- 
vestigation of new color reactions which are to be 
used as quantitative colorimetric methods of analysis. 

Unfortunately, we have very little information which 
will enable us to predict color reactions with organic 
reagents. It is true that certain types of compounds 
or certain groups under certain conditions have been 
found frequently to yield color reactions, especially with 
metal ions (2, 4). However, this information is very 
limited and it narrows down to the fact that in search- 
ing for new organic color reactions it is necessary actu- 
ally to try out the prospective reagent with the various 
metallic and non-metallic ions. At first thought this 
would seem to be a most laborious and time-consuming 
and even unscientific procedure. However, with a 
systematic arrangement of procedure and with a little 
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practice in technic, it will be found that observations 
on a large number of organic compounds can be made 
for all the more common ions with little difficulty and 
fairly rapidly. In fact, when we consider that many 
investigations require the building of elaborate ap- 
paratus before a single measurement can be made, 
the time required for the search of new organic color 
reactions is very reasonable. We are proposing what 
might be termed a micro-technic. Such a procedure 
is suggested for two reasons, (1) it is rapid and (2) only 
very small quantities of reagents are required, an im- 
portant practical point when the entire periodic table 
is to be investigated. Many of the elements are 
extremely rare and even very small quantities of their 
pure salts are expensive. 


A MICRO-TECHNIC FOR THE SEARCH OF NEW ORGANIC 
COLOR REACTIONS 


Solutions of known concentration of the ions of prac- 
tically all the elements (except the gases) are arranged 
according to their atomic numbers as in the periodic 
table. A concentration of 20 milligrams per milliliter 
is convenient for a standard solution. These should be 
prepared from salts of a high degree of purity. In most 
cases aqueous solutions are satisfactory, but in a few 
instances acid solutions are required in order to prevent 
hydrolysis. Each reagent bottle carries a calibrated 
dropper tipped with a rubber cap. A dropper which 
delivers about 20 drops per milliliter is convenient, 
since each drop will contain about one milligram 
of the constituent to be investigated. Single drops 
of each solution are placed in 0.5-milliliter glass cells 
such as those used in the Brown (1) drop method for 
the determination of pH colorimetrically. These cells 
may be arranged in vertical columns and the various 
periodic groups of the elements may then be investi- 
gated one by one, proceeding from left to right in the 
periodic table. To each of the glass cells is added a 
drop of one of the ion solutions. A drop of the or- 
ganic reagent solution is then placed in each cell and 
observation made as to the presence or absence of 
color formation. In this way it is possible to cover 
the entire periodic table in twenty to thirty minutes, 
provided, of course, no color reaction is formed. In 
case one or more color reactions are obtained, then it is 
necessary to observe the various characteristics such as 
color intensity, the shade or tint of color, rate of fading, 
or increase in intensity, if any. If, perchance, only a 
few ions yield color reactions and the color is rapidly 
formed and is reasonably stable, then the reaction 
offers a possible colorimetric method. It will then be 
necessary to carry out an extensive critical examina- 
tion of the new reagent and its color reaction. The 
following investigations should be made. 

The Reagent.—First determine the most suitable 
solvent for the reagent. Frequently, water or alcohol 
will prove to be satisfactory. Then determine the 
solubility of the reagent and its stability, in solution; 
7. é., Whether or not it hydrolyzes, and whether or not 
it is affected by light, carbon dioxide, or oxygen. 
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The Color Reaction.—One of the first characteristics 
of the reaction to be determined is that of the effect 
of the hydrogen-ion concentration. Next, the stability 
of the colored compound should be studied. That is 
to say, it should be determined whether or not the color 
fades upon exposure to the diffused light of the labora- 
tory. In general, if no noticeable fading occurs within 
twenty to thirty minutes, the reaction will be suf- 
ficiently stable for colorimetric analysis. 

Other studies which must be made are listed below. 
The exact order is largely a matter of choice, but the 
following is suggested. 


1. Nature of color reaction. This may prove to be 
a very difficult problem. 

Rate of color formation. 

Lambert-Beer law. 

Sensitivity of the color reaction. 

Optimum concentration range. 

Effect of foreign ions upon the color reaction and 
upon its sensitivity. 

Effect of temperature on the color reaction over 
the range 15-35°C. 


Sensitivity.—It is well known that in making color 
comparisons good results cannot be obtained with too 
deeply colored solutions. In practice, dilute solutions 
are either specified or implied. The sensitivity of differ- 
ent colored solutions is a variable and the ease of color 
comparison varies with the concentration of the con- 
stituent being determined. In general, it is believed 
that there is some one concentration at which a change 
in the intensity of the color can be more readily de- 
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TABLE 1 
B/B’ 
Ap. 
Ion Method Color Values Observer 
Al*+*+*+ “Aluminon”’ Red 0.92 Yoe and Hill (6) 
Al*+++  Alizarin Red 0.89 Yoe and Hill (7) 
CrOs Chromate ion Yellow 0.96 Horn and Blake (3) 
Cu** = Cuprie ion Blue 0.92 Horn and Blake (3) 
Cu*+*+ Ammonia complex Dark blue 0.95 Horn and Blake (3) 
Nitt Dithio-oxalate Magenta 0.95 Yoe and Wirsing (8) 
Fet+++ “Ferron” Green 0.93 Yoe and Hall (5) 
tected by the eye than at other concentrations. This 
concentration is in the range of dilute solutions. The 


sensitivity of a color reaction may be defined as the 
reciprocal of the weight in milligrams of the constituent 
being determined that produces a change in color which 
can just be differentiated with certainty. If we designate 
by A the milligrams of constituent producing a per- 
ceptible difference in the color intensity under an 
adopted standard condition, say in 50 ml. of solution 
contained in a tall-form 50 ml. Nessler tube, then 1/A 
equals the sensitivity. If B equals the total milli- 
grams of constituent present in the solution (50 ml.) 
and B’ equals B + A, then the ratio B/B’ should be 
constant. That is to say, the ratio between the total 
amounts of constituent in two 50 ml. tubes containing 
colored solutions which can just be distinguished with 
certainty should be constant. Horn and Blake (2) 
suggested that the ratio B/B’ is probably constant 
regardless of the color examined. They found this 
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true in the case of CrO,~ ions, Cut+ ions, and [Cu- 
(NHs3),4]** ions, respectively. Yoe and his co-workers 
(5-8) have recently extended this investigation to other 
colored solutions and find the B/B’ ratio approximately 
constant, with a value of about 0.90 to 0.95. All the 
known B/B’ ratios are compiled in Table 1. 

Color Filters ——Frequently, the sensitivity of a reac- 
tion and the ease with which color comparisons can be 
made are greatly increased by the use of a suitable 
color filter. In order to select the most suitable color 
filter, the absorption spectrum of the colored compound 
must be measured. Then select a filter which will 
transmit only the principal wave-lengths of light which 
are absorbed by the colored compound in solution. If 
the organic reagent happens to be highly colored its ab- 
sorption spectrum should also be measured and a filter 
used which will block the effect of reagent color in the 
test solution. It may be possible to select a single 
filter which will serve the dual purpose of blocking the 
color of the excess reagent and transmitting only those 
wave-lengths absorbed by the colored compound. 


OPTIMUM EXPERIMENTAL CONDITIONS 


In order to establish the optimum experimental 
conditions, the effect of both the volume and the con- 
centration of the reagent should be determined. With 
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this information, together with the influence of pH and 
that of the optimum concentration range, it will be 
possible to outline a procedure for the new colorimetric 
method. 

Finally, it will be necessary to make actual deter- 
minations of the constituent in a wide variety of mate- 
rials. For this purpose, the standard samples fur- 
nished by the National Bureau of Standards will serve 
excellently. Sufficient analyses should be made in 
order to establish both the accuracy and precision of 
the new method. 


CONCLUDING REMARKS 


It is to be hoped that eventually sufficient data may 
be accumulated which will enable us to predict whether 
or not a given type of organic compound will probably 
yield color reactions. In view of the fact there are to 
be found in the literature thousands of qualitative 
color reactions with organic compounds, it is possible a 
systematic and critical examination of these reactions 
might give some insight into the types of compounds 
which are most likely to yield color reactions. In fact, 
it seems certain that many of these qualitative reac- 
tions would prove to be suitable for quantitative work, 
provided proper experimental conditions are employed. 
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A CHEAP and ACCURATE 
STUDENT-TYPE THERMOSTAT 


VINCENT E. PARKER, PHILIP E. HATFIELD, ano A. STRICKLER 


Evansville College, Evansville, Indiana 


HE purpose of this paper is to describe a portable, 
inexpensive, yet accurate student type thermostat 
for use in the small college laboratory. 

The most imperative requirement is that the appara- 
tus be inexpensive, but at the same time accuracy 
cannot be sacrificed. The bath is made from an 
eight-gallon pottery crock which is placed in a movable 
wooden container and insulated on all sides by two 
inches of rock wool. The container is covered with 
plywood and mounted on rubber-tired casters so as 
to be readily movable from room to room. The over- 
all dimensions are: height to table top, 36°/, inches; 
height overall, 56°/, inches; table top, 25!/2 inches 
square. For convenience the apparatus is made desk- 


high. Standard clamp-type ringstands are mounted 


on the sides with cross-bars of iron rods to make a 
suitable means of support for associated apparatus. 

For heaters, sockets are provided for two 32-candle 
power 175-watt 115-volt carbon filament bulbs, al- 
though in practice it was found that one bulb was 
sufficient to maintain the bath at constant tempera- 
ture and during the summer weather a 40-watt 115- 
volt showcase bulb was found to be satisfactory. In 
fact, when the current was cut off there was still a 
slight glow due to the passage of the current through the 
condenser C2 which facilitated reading of the apparatus 
in the bath and gave less temperature lag when it was 
turned on again. A cooling coil the diameter of the 
inside of the bath and consisting of three turns of 1/4- 
inch copper tubing is provided for use in hot weather. 
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No attempt has been made to control the water flow 
thermostatically, but good results have been obtained 
by simply adjusting the flow to meet changing condi- 
tions. The stirrer is made from a small 115-volt 
stirrer, or cream whipper, with the paddle replaced by 
a long, '/s-inch brass shaft and 2-inch propeller cut 
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FIGURE 1.—KEY 


C:—Two-microfarad, 200-volt paper condenser. 
C:—Two-microfarad, 200-volt paper condenser. 
L,—Forty-watt, 115-volt lamp. 

L.—Sixty-watt, 115-volt lamp. (Other wattage 
lamps may be necessary for some stirrer motors.) 

L;s—One hundred fifty-watt, 115-volt lamp. 

Ly, Ls—One hundred seventy-five-watt, 32-candle- 
power, 115-volt heater lamps. 

R—Five thousand-ohm, ten-watt resistor. (The 
value of this resistor may vary with various 
relays.) 

Rel.—Telephone-type relay. 

T—Mercury thermoregulator. 

V T—Vacuum-tube, type UX 210. 


from 1l6-gage sheet copper. Two lamp sockets in 
series with the motor and arranged in parallel enable 
the motor speed to be controlled by means of light 
bulb resistances. 

The mercury regulator used to control the heater 
circuit is of the conventional type with acetone-filled 
bulb. The capillary stem is of small diameter to 
assure fine regulation, the rise and fall of the mercury 
column being about 2*/, inches per degree Centigrade. 

In order to prevent arcing at the regular contacts, 
and to facilitate more accurate control, a vacuum tube 
relay isincorporated. A type UX 210 tube is employed, 
since it will handle a relatively heavy current, thus 
permitting the use of an ordinary telephone-type relay 
to control the heater current. A 150-watt 115-volt 








173 


bulb in series with the filament permits use of the 115- 


volt line for filament current. This eliminates the 
necessity of a filament transformer. For plate voltage, 
the 115-volt line is self-rectified. The accompanying 
diagram, giving the working circuit of the complete 
set-up, is a modified version of the circuit described 
by D. J. Beaver and J. J. Beaver.' The circuit has 
been redesigned to permit the use of alternating current, 
and simplified, so as to eliminate resistors Ri, Re, Rs, 
R,, and condenser C;. A heavier current-drain tube 
is employed in order that a cheaper, less sensitive relay 
may be used. 

The complete cost of the thermostat, built as far as 
possible from parts picked up around the laboratory, 
was about fifteen dollars. The performance to date 
has been very satisfactory. In a typical performance 
test, after allowing approximately an hour for adjust- 
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FIGURE 2 


ments, the bath maintained a constant temperature for 
an eight-hour continuous run. Measurements of the 
temperature were made every fifteen minutes with a 
calorimeter thermometer which was read through a 
magnifying lens. The temperature at each reading 
was accurately 25°C., and there was no visible fluctua- 
tion during the heating-non-heating cycle. The photo- 
graph gives a general view of the entire set-up. 





1 BEAVER, D. J. AND J. J. BEAVER, Jnd. Eng. Chem., 15, 359-61 
(1923). 
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ROBABLY no single phase of research con- 

cerned with liquid ammonia solutions has con- 

tributed more to fundamental chemical theory 
than studies on the nature of solutions of metals. 
Over a period of years, Professor C. A. Kraus and his 
students have provided extensive experimental data 
relative to the nature of such solutions. Largely from 
these studies there have been developed the basic 
theories which are now generally used to interpret 
the physical and chemical properties exhibited by 
these solutions. 

Briefly, it is believed that a solution of an alkali 
metal, M, in liquid ammonia, contains positively 
charged metal ions and negative electrons. Depending 
upon the concentration, the electrons may be relatively 
free, or associated with molecules of the solvent am- 
monia 

M—> Mt-+e-, 
e~ + nNH; —> e~ (NHs3)n 
Since the evidence in support of this view has been ade- 
quately treated in reviews appearing in THIS JOURNAL 
(1, 2) and elsewhere (3, 4), it is sufficient for present 
purposes to again emphasize the fact that a wide variety 
of experimentally observed phenomena may be satis- 
factorily explained on this basis. 

An alternative explanation of the nature of systems 
consisting of alkali metals in liquid ammonia has re- 
cently been proposed (5). The idea has been advanced 
that the alkali metals exist in ammonia, not as ions, but 
rather as colloidal particles, a view which was first ad- 
vanced by Ostwald (6). Hence, this theory also denies 
the presence of free or ammonated electrons. Certain 
properties of these systems have been interpreted in 
terms of theories ordinarily associated with the proper- 
ties of colloidal dispersions. In its present state, this 
colloidal metal theory seems in need of more extensive 
experimental justification of a quantitative nature. 

Rodebush (7), speculating upon the nature of solutions 
of metals in liquid ammonia, has suggested that sodium, 
for example, may dissolve only in metals. The solu- 
bility of sodium in ammonia has been attributed to 
the formation of metallic ammonium, NH4y, and con- 
siderable significance attached to the formation of com- 
plexes containing NH, groups through hydrogen bond 
formation. In dilute solutions it is believed that the 
dissolved sodium is present in the ionic condition, that 
the electron is associated with the ammonium, and 
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that both the sodium ion and the ammonium group 
are ammonated. 

Aside from the relative merits of differing interpre- 
tations of a given set of experimental data, it should be | 
kept in mind that the ultimate clarification of any 
controversial question is often advanced by the appear- 
ance of views not entirely in accord with otherwise 
generally accepted theories. Particularly is this true 
when it causes a revival of interest and thereby results 
in new evidence being brought forth, or in stimulating 
a more complete utilization of available data. 

A method for the determination of the density of 
solutions of salts in liquid ammonia has been described 
by Johnson and Martens (8). They have measured 
the densities of solutions of the chlorides, bromides, 
and iodides of lithium, sodium, and potassium at 
temperatures ranging from —32° to —60°C., and over 
as wide a range of concentration as permitted by the 
solubility of the salts. In each case, the density was 
found to be a linear function of the temperature, and 
at lower concentrations, apparently a linear function of 
the mole fraction of dissolved salt. From the density 
data for potassium iodide it has been shown that a near 
linear relationship exists between the apparent molal 
volume of the solute and the square root of the concen- 
tration expressed in moles per liter of solution. This 
empirical generalization has previously been shown to 
apply to many aqueous salt solutions. The molar 
heats of solution of ammonium chloride, ammonium 
bromide, lead iodide, mercuric iodide, lithium bromide, 
lithium iodide, rubidium bromide, absolute ethyl al- 
cohol, and pyridine in liquid ammonia have been de- 
termined (9). Ammonium bromide and chloride show 
a positive, and ethyl alcohol a negative heat of dilution. 

A redetermination of the dielectric constant of liquid 
ammonia has resulted in values of 18.94, 17.82, 16.90, 
and 16.26 at 5°, 15°, 25°, and 35°, respectively (10). 
These values are believed to be accurate to within 0.5 
per cent. 

Pleskov (11) has derived equations for calculating 
the approximate normal potentials of halides dissolved 
in liquid ammonia. Due to the fact that homopolar 
forces play a part in solvation, he has shown that the 
energy of formation of the crystal solvate must be 
taken into consideration. Using the data provided 
by earlier workers, he has calculated the values given 
in Table 1, and has shown that they differ less in liquid 
ammonia than in water. 

Gur’yanova and Pleskov (12) have determined the 
conductivities of the following substances in liquid 
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ammonia at —40° and to a dilution of 100,000 liters/ 
mole: NH4sNO;, NH.Cl, NH«Br, NH,ClO,., NaCl, 
KCIO,, CH;CO2H, CH;CO.Na, CH;CO2K, HCO2H, 
HCO.Na, CsH;CO.Na, HS, HCN ’ Ca (N Os)e, 
Sr(NOs3)2, and Ba(NOs)2, The theory of Debye 
and Onsager could not be applied up to a 
concentration of 10-5N. That of Fuoss and Kraus, 
however, was found applicable to the conductivity 
curves of strong electrolytes in the region below 0.001- 
0.002 N, and for weak electrolytes in the region below 


0.1-0.05 N. The method of Fuoss and Kraus for 
calculating the dissociation constant and the sum of 
TABLE 1 
cl Br I 
Enn: 1.28 1.08 0.70 
En:0 1.36 1.08 0.58 
Enx;3 — Emzo —0.08 0.00 0.12 


the ionic radii was found to provide a convenient 
means of approximating the relative strength of acids 
in ammonia. The leveling effect exerted by the 
solvent upon the strength of acids was most pronounced 
in the case of inorganic acids. The relation of this 
effect to the affinity of ammonia for the proton was 
confirmed by calculating the heats of dissociation of 
the various acids in liquid ammonia. The values 
thus obtained were, for all acids, approximately zero. 

The equivalent conductivities of 3 per cent., 10 per 
cent., and saturated solutions of sodium chloride and of 
a saturated solution of ammonium chloride in liquid am- 
monia over an approximate temperature range of —34° 
to 31°C. have been determined by Achumov and Gon- 
charov (13). A study was made of the conductivity of 
sodium chloride in the presence of ammonium chloride, 
as well as of the decomposition potentials of 3 per cent. 
and saturated solutions of sodium chloride in the same 
solvent. For the latter, the conductivity maximum 
occurs at —8.4°C. Similarly, Achumov and co- 
workers (14) have determined the vapor pressures 
and specific conductivities at various temperatures of 
saturated solutions of sodium nitrate. The vapor 
pressures at 0°, 4°, 13°, 16°, 20°, 25°, and 30°C. 
were found to be 2.20, 2.65, 3.63, 4.20, 4.95, 6.05, and 
6.85 atmospheres, respectively. The specific conductivi- 
tiesat —16°, —15°, —7°, 0°, 3°, 10°, 15°, 15°, 19°, 19°, 
and 30° are 0.0768, 0.0768, 0.1107, 0.1269, 0.1400, 
0.1565, 0.1645, 0.1653, 0.1716, 0.1706, and 0.1766 re- 
ciprocal ohms. They have investigated the electroly- 
sis of sodium nitrate in liquid ammonia at —20° and 
at —30°C. and have found that the products were 
sodium amide at the cathode and ammonium nitrate 
at the anode, 


6NaNO; + 14NH; —> 6NHsNO; + 6NaNH: + 3H: + Nz» 


Linhard (15) has measured the vapor pressures of 
solutions of a number of salts of the alkali and alkaline 
earth metals in liquid ammonia at 0° from 0.2 N to 
saturation. The Raman spectrum of a nearly satu- 


rated solution of silver iodide was also studied at —50°. 
The results of these studies showed that the salts are 
less dissociated in ammonia than in water, and, for the 
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most part, are strongly associated in concentrated 


solutions. It was found that the relative vapor-pres- 
sure lowering of the solutions parallels the solubility of 
the salts. The vapor-pressure lowering was found 
to increase in the alkali series from the chloride to the 
iodide and with the same anion from cesium to sodium. 
The large vapor-pressure lowering of strontium and 
barium nitrates in dilute solutions was attributed to the 
high lattice energy rather than to the degree of solva- 
tion of the salts. The vapor pressures of saturated and 
unsaturated solutions of ammonium chloride have been 
measured (16). It has been shown that NH,Cl and 
its triammonate, NH,Cl-3NHsz, coexist as solid phases 
in the saturated solution. The transition point is at 
5.9°C. Values for the solubilities, heats of vaporiza- 
tion (7.13° to —31.43°), and heats of solution (7.13° to 
—20.00°C.) for the above compounds have been calcu- 
lated. The mean heat of vaporization of a saturated 
solution of ammonium chloride was found to be 6.59 
kcal. /mole (6° to 25°) and the mean heat of solution to 
be 2.62 kcal./mole. The decomposition pressures of 
the systems NaCl-‘SNH; —> NaCl + 5NHs, over the 
temperature range —10° to —30°, and NH,Cl-3NH; 
—> NH.Cl + 3NHs, over the range of 5° to—53° have 
been measured (17). Values for the heat of ammona- 
tion of the former are 12.05 and 13.16 kcal./mole at —10° 
and —30°, and for the latter, 11.13 and 7.68 kcal./mole 
at 0° and —50°C. 

An extensive series of vapor-tension determinations 
on the ammonates of various zinc (18), copper (19), and 
cadmium (20) salts have been carried out by Spacu and 
Voichescu at temperatures ranging from —79.5° to 
140°C. The salts studied were derived from the fol- 
lowing acids, formic, acetic, glycollic, succinic, tartaric, 
benzoic, 5-sulfosalicylic, anthranilic, and glycine. A 
comparison of the dissociation temperatures and of the 
heats of formation of the various ammonates shows 
that the stability increases with increasing strength of 
the acid, and that the heat of formation decreases with 
increase in the number of coérdinated ammonia mole- 
cules. The effect of the metal atom upon the stability 
is discussed and the results show that the stability de- 
creases with increasing atomic volume of the central 
metal atom. Continuing his study of the ammonates 
of the metal perchlorates, Sméets (21) has proved by 
means of vapor pressure measurements the existence of 
the following compounds: NHIO,Cs:3NH3, LiClO,-2, 
3, and 5NH3, and NaClO,-4NH;. No ammonate of 
potassium perchlorate was found, the tendency toward 
ammonate formation thus paralleling that of hydrate 
formation. 

The Raman spectrum of liquid ammonia has been 
found to consist of a strongly polarized vibration band 
at 3300 cm.~!, with strong wing bands at 3210 and 
3380 cm.—! (22). The observed spectrum is attributed 
to the association of ammonia molecules and this view 
is supported by comparison of the Raman spectrum of 
aqueous ammonia with that of liquid ammonia. Cos- 


tenau (23) has observed a line at 3460 cm.—! in the 
In solutions of 


Raman spectrum of liquid ammonia. 
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sodium, ammonium, silver, lead, cadmium, and zinc 
nitrates at —40°C., the line due to the NOs; group 
appeared at 1039-41 cm.~'. Normally, this line occurs 
at 1048 cm.—'. Vol’kenshtein (24) has studied the 
Raman spectra of ammonium nitrate (5° to 7°C.), am- 
monium thiocyanate (7 to 9°C.), and of a mixture 
corresponding to the eomposition, 3NH,SCN-1NH,- 
NO; (10°C.). He has shown that there is a reciprocal 
effect between the ammonia and the dissolved sub- 
stances as well as a strong electrolytic dissociation of 
the dissolved nitrates. An explanation has been pro- 
posed for the difference in the Raman spectra of gaseous, 
liquid, and aqueous ammonia, as well as of ammonia 
found in complex combination. 

A precision method for the direct determination of 
the solubilities of solid substances in liquefied gases at 
high pressures has been developed by Shatenshtein and 
Viktorov (25). The solubilities of potassium nitrate 
at 0° and 25° and of sodium chloride at 0° have been 
determined and the values so obtained critically com- 
pared with those of earlier workers. Continuing his 
studies of the solubilities of the alkaline earth nitrates, 
Portnov (26) has provided the solubility values given 
in Table 2. The solubility data relative to strontium 
nitrate (27) have been included for the sake of com- 
parison. 

From solubility measurements, Achumov and Ezer- 
ova (28) have constructed isotherms at ten-degree 
intervals from —40° to 40°C. for the system, NaCl- 
NH,.CI-NH;. Systems containing NaCl and NH,Cl 
in the ratios, 2:1, 1:1, 1:2, 1:4, and 1:10 have been in- 
vestigated over the range, —70° to 110°. It was ob- 
served that platinum dissolves in liquid ammonia 
solutions of ammonium chloride above 70° with evolu- 
tion of a gas. 

The hexammonates of cobalt iodate (29) and nickel 
iodate, the pentammonate of copper iodate (30), and 
the tetrammonate of zinc iodate (31) have been pre- 
pared by the action of liquid ammonia on the anhy- 
drous iodates at room temperature. Cobalt nitrite 
and its hexammonate were found to be very soluble in 
ammonia at —70° (29). 


TABLE 2 
Solubility 
g. Solute per Composition of 
Salt Temp., °C. 1000 g. NH3 Solid Phase 
Ca(NOs)2 —70 590 
—40 Ca(NOs)24NHs3 
0 -NH3 
25 -6.5NHs3 
70 1287 
Sr(NOs)2 —65 63.57 
—25 Sr(NOs3)2-8NHs 
=a -4NH; 
—3 381.2 
22 692.3 
43.5 1321 
Ba(NOs)2 —27 50 
—25 Ba(NOs:)28NH3 
—12 -2.5NHs3 
51 1948 


Schlesinger and co-workers (32) have prepared the 
diammonates of mono-, asym.-di-, tri-, and tetra- 
methyldiborane by the action of liquid ammonia on the 
methylated diboranes at low temperatures. 


The am- 
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monates were found to be apparently more stable than 
the parent compounds, the stability decreasing with in- 
crease in the number of methyl groups present in the 
molecule. Numerous properties of these ammonates 
have been described. 

Liquid ammonia has been used by Zintl and Harder 
(33) in the purification of intermetallic compounds of 
sodium. After fusing tin and lead with greater than 
equivalent quantities of sodium, ‘the excess alkali 
metal was extracted in ammonia at —50°. Compounds 
thus prepared have been shown to have the composition 
represented by the formulas, NaiSm, and NaysPb,. 
It is significant that the following compositions have 
been previously reported: Na,Sn (34), NasPb (35), and 
NazgiPbs (36). 

An examination of the products arising from the in- 
teraction of crude dicyanohexafluoride, C:NeFs, and 
liquid ammonia has shown that the crude fluoride 
contains at least five of the nine possible isomers (37). 
Several days were required for the completion of these 
reactions, which were carried out in sealed tubes at 
—50°. The action of ammonia occurs at the CF2:N 
and CF:N double bonds. In the presence of ammonia, 
hydrogen cannot exist in union with a fluorinated 
carbon atom to which a fluorinated nitrogen atom is 
attached. 

A summary of the results obtained by Moureu and 
Rocquet in their studies on the ammonolysis of phos- 
phorus pentachloride has recently appeared (38). An 
extensive discussion of the stability, reactivity, and 
constitution of the various products has been presented. 
It has been stated that phosphorus pernitride, P,Ng, is 
formed by the interaction of phosphorus trichloride and 
liquid ammonia (39). 

It has been observed that magnesium silicide pre- 
pared by the method of Stock and Somieski does not 
yield appreciable quantities of silicon hydrides when 
treated with ammonium bromide in liquid ammonia 
(40). Trialkylsilicyl fluorides (amyl, butyl, ethyl, and 
propyl) do not react with sodium in liquid ammonia at 
—33° (41). 

The well-known liquid ammonia-sodium method 
for the determination of halogens in organic combina- 
tion has recently been adapted to the determination 
of organic sulfur (42). This application is based on the 
fact that sulfur in certain types of organic compounds 
is reduced by solutions of sodium in liquid ammonia to 
sulfite or sulfide. The resulting inorganic sulfur com- 
pounds may then be oxidized to sulfates by means 
of sodium peroxide and precipitated and weighed as 
barium sulfate in the usual manner. Where neces- 
sary, organic solvents may be used in conjunction with 
liquid ammonia to increase the solubility of certain 
substances. The application of this method is ob- 
viously limited by the fact that sulfur in many types 
of organic combination is not reduced to sulfite or sulfide 
by reaction with solutions of metals in ammonia. 

Monosodium urea has been formed by the action of 
sodium on a solution of urea in liquid ammonia at its 
boiling point (43). The use of two equivalents of 
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sodium resulted in the formation of a mixture of the 
mono- and disodium compounds. The failure of the 
latter reaction to go to completion is probably due to 
the fact that the monosodium derivative is insoluble in 
liquid ammonia. 

A study of the stability of pinacolates in liquid 
ammonia solution at —33° (44) has shown that the 
complex reaction between sodium and acetophenone 
pinacol may be expressed by the equations, 


CsHs(CH;3)COH C.H;(CH;)CONa 
+ 1/, He, 
CsHs(CH;) COH CsH;(CH;) COH 
CsH;(CH;)CONa 
+ 2Na + NH; —> 
CsH;(CH;) COH 2C.sH;(CH;) CHONa + NaNH; 


The disodium derivative of this glycol (and of pinacol 
as well) may be prepared through their reactions with 
sodium amide in liquid ammonia at its boiling point. 
Sodium pinacolates so prepared apparently do not 
dissociate into metal ketyls in ammonia. 

An interesting study of the interaction of cellulose and 
liquid ammonia (45) has shown that these substances 
unite in a ratio of roughly one mole of ammonia to one 
mole of cellulose. Upon being heated for several hours 
at 105°, ‘‘ammonia-cellulose”’ loses all its ammonia and 
is thereby converted into a body which has been desig- 
nated Cellulose II, and which appears to be analo- 
gous to hydrated cellulose both with respect to struc- 
ture and chemical activity. From X-ray diffraction 
data, space lattices for ammonia-cellulose and cellulose 
II have been developed. The volumes of the unit 
cells of normal cellulose, ammonia-cellulose, and cel- 
lulose II are 671, 801, and 702 cubic A, respectively. 
Ammonia-cellulose may be converted into normal 
cellulose through treatment with weak acetic acid, 
water, or aqueous ammonia, while cellulose II must 
be retreated with liquid ammonia before it can be 
converted into the normal body by means of the above 
reagents. In contrast with results obtained by earlier 
workers, a recent study of the action of sodium in liquid 
ammonia at —33° on cellulose (46) has shown that the 
reaction proceeds slowly and that there is no marked 
difference in the reactivity of the individual hydroxyl 
groups, 

x%[CsHeO2(OH)3 + 3Na —> CsH;0.(ONa)s3 + 3H] 


However, it is to be observed that the rate of evolution 
of hydrogen decreased markedly as the reaction pro- 
ceeded. While certain of the reactions described 
appear to show that the sodium atoms in trisodium 
cellulose exhibit a difference in reactivity, it is believed 
that this is due rather to the complex micellular struc- 
ture of the cellulose. 

The action of liquid ammonia on cellobiose octa- 
acetate has been shown to result in deacetylation and in 
the introduction of nitrogen into the disaccharide 
molecule (47). The reactants were heated in a sealed 
tube at 55° for forty-eight hours. Free cellobiose was 
isolated by heating the crude reaction product with 
aqueous hydrochloric acid, while acetylation of the 











crude product gave N-acetyl-/-aminocellobiose, 
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By acetylation (with acetic anhydride in pyridine) of 
the material remaining after the isolation of N-acetyl- 
l-aminocellobiose, there was obtained /-acetylamino-N- 
acetylcellobiose imide, 
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Similarly, treatment of cellotriose with liquid ammonia 
followed by acetylation led to the formation of a perace- 
tate containing nitrogen. 

In their investigation of the Schardinger dextrins, 
Freudenberg and Rapp (48) have prepared the alkali 
metal salts in liquid ammonia. The voluminous white 
compound prepared at —50° by the action of a liquid 
ammonia solution of potassium on the a-dextrin was 
used in the preparation of a trimethyl derivative. It 
was necessary, in the case of the #-dextrin, to use a 
dilute solution of sodium in order to prevent decompo- 
sition of the dextrin. An attempt to methylate fruc- 
tose methylphenylosazone (49) in liquid ammonia (50) 
has been shown to result in cleavage of the N-N linkage 
rather than in methylation of the hydroxyl groups. 
Trimethylphenylammonium iodide was the only crys- 
talline product isolated. 

The synthetic studies carried out by du Vigneaud 
and his associates continue to afford interesting and 
valuable methods for the preparation of amino acid 
derivatives. Glutathione (y-glutamyl-cysteylglycine) 
has been prepared in 27 per cent. yield by the reduction 
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of N-carbobenzoxy - y - glutamyl - S- benzylcysteinyl - 
glycine (51). The reducing medium consisted of a 
solution of sodium in liquid ammonia at its boiling 


point. 


CH2SCH:2CeHs CH.SH 
NHCHCONHCH,CO.H NHCHCONHCH,CO.H 
COCH:CH:CHCO.H = bocH,cH.CHCO.H 

CsHsCH,CO,NH NH, 
Glutathione 


The reduction product was neutralized with ammonium 
sulfate and the glutathione isolated as its mercury and 
copper salts, and finally as the free crystalline tripeptide. 

The synthesis of the /-cysteine mercaptal of formal- 
dehyde (djenkolic acid) had been accomplished by du 
Vigneaud and Patterson (52) by means of the following 
reactions conducted in liquid ammonia solution at low 
temperatures: 


[HO,.CCH(NH2) CH] 2S. + 2Na —> 
2HO,CCH(NH:)CH.SNa, 


2HO.CCH(NH:2)CH2SNa + CH:Cl —> 
NH2:CHCH:SCH:SCH2CHNH, + 2NaCl 


CO.H 


Djenkolic acid 


| 
CO.H 


Thus, cystine was reduced to the sodium salt of B- 
mercaptoalanine and this product allowed to react with 
methylene chloride. By comparison of the physical 
constants of the product obtained in this manner with 
those of the naturally occurring acid, it has been shown 
conclusively that the two materials are identical. 

Di-N-methylhomocystine has been prepared in 80 
per cent. yield by the reduction of S-benzyl-N-methyl- 
homocysteine by means of a solution of sodium in 
liquid ammonia at low temperatures (53). By treating 
the reduction product of S-benzyl-N-methylhomo- 
cysteine (sodium salt) with methyl iodide, N-methyl- 
methionine has been obtained in 55 per cent. yield. 
Toluene and bibenzyl were formed in this latter reac- 
tion. The method previously described by Sifferd and 
du Vigneaud (54) for the preparation of /-carnosine 
has been applied in the preparation of the levorotatory 
isomer, d-carnosine (55). 

A 74 per cent. yield of N*-(8-mercaptoalanyl)glu- 
tamine has been obtained by Harington and Mead 
(56) by the action of sodium in liquid ammonia at — 60° 
on N*-[8-(benzylmercapto)-N-carbobenzoxyalany] ] 
glutamine. 


CH2SC;H; CH.SH 

CHNHOCOC;H; dents, 

conucHco.H donHcHCo.H 
CH.CH:CONH2 du.cH,CON Hp 


Similarly, N-glutaminylcysteine was prepared in 60 
per cent. yield from the benzyl ester of B-(benzylmer- 
capto)-N-(N*-carbobenzoxyglutaminyl) alanine, 
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CH,CH,CONH2 CH:SC;H; 


CH(NHOCOC;H7) CONHCHCO.C;H; 
CH.CH:CONH; 


CH(NH:2) CONHCHCO.H 
CH.SH 


An investigation of reactions of proteins and related 
substances in liquid ammonia (57) has shown that these 
materials are acidic in ammonia and liberate hydrogen 
when treated with sodium. However, these reactions 
occur more slowly than do corresponding reactions in- 
volving amino acids or dipeptides and are complicated 
by the catalytic activity exhibited by certain proteins 
toward the reaction between sodium and ammonia. 
Previous papers in this review series (58-60) have given 
only incomplete accounts of work described by Roberts, 
Miller, and their associates. They have found that 
hemoglobin and hematin do not react with sodium in 
liquid ammonia as do other proteins; the volumes of 
hydrogen liberated being disproportionate with the 
number of acidic groups present (61). Hematopor- 
phyrin, on the other hand, which contains combined 
iron, apparently exerts no catalytic activity upon the 
conversion of sodium to sodium amide. It is believed, 
however, that the marked catalytic activity of hemo- 
globin is due to the presence of iron in the porphyrin 
ring.* 

Parathyroid hormone behaves as a typical protein 
in its reaction with sodium in ammonia and exerts no 
catalytic effects (63). While the physiological activity 
of this hormone is lessened by its reaction with liquid 
ammonia alone, its activity has been shown to be in- 
dependent of the presence of groups or linkages sus- 
ceptible to reduction by sodium in liquid ammonia. 
The volumes of hydrogen liberated when various pep- 
tones are treated with sodium in ammonia have been 
measured (64), and interpretations of these data sug- 
gested. In general, the behavior of peptones appears 
to parallel that of diketopiperazine (65) more closely 
than that of proteins, amino acids, or peptides. Ob- 
servations relative to the effect of ammonolysis upon 
the physiological activity of adrenalin have also been 
recorded (66). 

The reaction between vitamin B, and liquid ammonia 
has been shown to lead to the formation of a free base, 
the identity of which has not been definitely established 
(67). The amidosulfonic acid derived from the vitamin 
reacts with sodium in liquid ammonia to form low 
yields of 2,5-dimethyl-6-aminopyrimidine. 

Bergstrom and co-workers (68) have shown that the 
phenyl halides (excluding phenyl fluoride) react 
readily with potassium amide in liquid ammonia solu- 
tion at —33° to form aniline, diphenylamine, and rela- 
tively small quantities of triphenylamine and p-amino- 
biphenyl. In competitive experiments involving the 
reactions of potassium amide with an excess of a mix- 





* Previous work has shown that iron as well as certain of its 
oxides and inorganic salts are among the most effective catalysts 
for the reaction between sodium and liquid ammonia (62). 
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ture of aryl halides, the relative yields of potassium 
halides obtained indicate the following order of de- 
creasing reactivity 


Bes i> Cl. © > > £) 


The same order of reactivity was found to apply to 
reactions involving potassium amide and mixed arylene 
dihalides such as p-bromochlorobenzene. The appara- 
tus and experimental procedures employed in this in- 
vestigation are adequately described. Wright and 
Bergstrom (69) have shown that reactions between 
phenyl halides and salts such as potassium anilide and 
potassium diphenylamide are catalyzed by substances 
which function as bases in liquid ammonia. The amide 
ion, NHe~, is particularly effective. Thus, the forma- 
tion of di- and triphenylamines and of p-aminobiphenyl 
in reactions between phenyl halides and potassium 
amide in liquid ammonia may be accounted for in 
terms of basic catalysis. 

The preparation of substituted tolanes (s-disubsti- 
tuted acetylenes) by the action of liquid ammonia solu- 
tions of potassium amide on diarylbromoethenes and on 
diaryldibromo- and diaryldichloroethanes has been 
further studied by Coleman and co-workers (70). In 
this investigation, ortho- and meta-substituted diaryl- 
bromoethenes were used, and mechanisms for these 
reactions have been discussed. 

Spath and co-workers (71) have found that N- 
(a-bromo-o-tolyl)succinimide is ammonolyzed by 
liquid ammonia at room temperature over a period of 
six hours. Treatment of the ammonolysis product 
with alkali, followed by extraction with ether and 
distillation in vacuo, results in the formation of pegen- 


9-one-1. 
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Glattfeld and Macmillan (72) have investigated the 
reactions between liquid ammonia at its boiling point 
and certain lactones and esters. Of the lactones 
studied, only d-glucono-y-lactone and 3-benzalphtha- 
lide were ammonolyzed. The ammonolysis of the 
latter may be represented as follows: 


o 
—C—NH, 


8, + Ni; —> 0 
3 
¢ ce 
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Phenolphthalein and fluorescein react with liquid am- 
monia to form additive compounds which are unstable 
and which undergo a gradual loss of ammonia. Esters 
shown to be at least partially ammonolyzed include 
methyl, ethyl, propyl, and butyl lactates, ethyl mande- 
late, and ethyl phenyl acetate. Butyl acetate, ethyl 
benzoate, methyl salicylate, and glycerol monoacetate 
were not ammonolyzed. These results indicate that 
while the simple esters may undergo partial ammonoly- 
sis, the lactones (intramolecular esters) if reactive at 
all, are completely ammonolyzed. 

The ammonolysis of a number of acetone compounds 
of a-hydroxy acids has been found to result in the 
formation of the corresponding acid amides (73). 


R—Ch——C€:0 


| | R—CHCONH: 
O. 0 + NH; — l . 
ra OC(CH;):0H 


CH,’ ‘CH; 
RCHCONH: + CH;COCH; 
| 
OH 


The best yields, amounting to 85-90 per cent., were 
obtained by treating the compounds with liquid am- 
monia at room temperature. The amides of di-lactic, 
l-leucic, dl-mandelic, and /-phenylacetic acids were 
prepared in this manner. Under similar conditions, 
the ethyl esters of several hydroxy acids gave poor 
yields and were, for the most part, recovered unchanged. 

Nienburg (74) has found that the ethyl ester of N- 
carbobenzoxy-d-glutamic acid may be converted into 
the ammonium salt of N-carbobenzoxy-d-glutamine 
by its reaction with liquid ammonia 


C:H;0,CCH:CH:CHCO:H 
CsHsCH,OCONH 


Hz:NOCCH2CH:CHCO.,NH, 
| 
CsH;CH,OCONH 


The reaction was carried out in a sealed tube at a tem- 
perature of 15-20° over a period of twenty-four hours. 
Similarly, a 45 per cent. yield of the amide of £8,6-di- 
ethylacrylic acid has been obtained from the correspond- 
ing ethyl ester at room temperature (75). Apparently, 
there is no addition of ammonia to the double bond, 
since that portion of the ester not converted to the 
amide was largely recovered unchanged. 

The imines of 4-amino- and 4-dimethylaminobenzo- 
phenone have been prepared by heating the ketones 
and phosphorus pentachloride in a mixture of toluene 
and liquid ammonia (76). The reactions were carried 
out in a steel bomb over a period of twelve hours at 
100-105°C., and the ketimines isolated as their 
3,5-dinitrobenzoates. 

Although the patented processes discussed in the 
following pages are, for the greater part, based upon 
researches already described in the chemical literature, 
there are numerous cases in which well-known reactions 
have been applied to specific substances not heretofore 
investigated. Liquid ammonia has been utilized in 
the preparation of glutamine through the ammonolysis 
of substituted y-esters of glutamic acid. Thus, gluta- 
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mine may be prepared by ammonolyzing the y-ethyl 
ester of N-carbobenzoxy-d-glutamic acid and sub- 
jecting the ammonolysis product to catalytic hydro- 
genation (77). Mixtures of amines have been prepared 
by the ammonolysis of halogen sulfonic acid esters of 
aliphatic alcohols. Dodecylchlorosulfonate, for ex- 
ample, reacts with liquid ammonia at —30° to form 
a mixture of the corresponding primary, secondary, 
and tertiary amines (78). Certain carboxylic acid 
esters (glycerides) have been ammonolyzed to form 
the acid amides; animal or vegetable oils, fats, waxes, 
etc., being used as the starting materials. To illustrate, 
coconut oil may be treated with liquid ammonia at 
room temperature to produce glycerol and a mixture 
of fatty acid amides (79, 80). The formation of amino- 
nitriles has been shown to result from the interaction of 
hydroxynitriles and ammonia. Thus, hydroxyacetoni- 
trile has been converted to aminoacetonitrile by allowing 
it to stand for thirty-six hours in a mixture of alcohol 
and liquid ammonia at room temperature. Similarly, 
leucine nitrile has been prepared from hydroxycaproic 
nitrile by effecting the reaction in an autoclave (81). 

The use of liquid ammonia as an extraction medium 
has been demonstrated in its application to the extrac- 
tion of phenolic substances (82, 83) from various liquids 
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and in the purification of anthracene and fluorene (84) 
(separation from phenanthrene and carbazole). 

Alkali metal salts of diaryldithiocarbamic acids have 
been produced by treating the appropriate diarylamine 
with sodium in liquid ammonia at its boiling point, and 
allowing the resulting sodium diarylamide to react 
with carbon bisulfide (85). To produce salts of a 
relatively high degree of purity, the ammonia must 
be displaced by an inert solvent such as toluene be- 
fore the addition of carbon bisulfide. 

Other patents involve the use of liquid ammonia in 
the production of phosphoric triesters of aliphatic 
alcohols (86), dicalcium phosphate and ammonium 
sulfate from commercial calcium superphosphate (87), 
and of alkali metal carbamates from the corresponding 
bicarbonates (88). Depending upon the experimental 
conditions employed, the electrolysis of sodium chloride 
may be adapted to the production of metallic sodium 
(89, 90) or to the formation of sodium amide which 
may then be converted into sodium cyanide (91). 
Comminuted alkali metals have been formed by spray- 
ing liquid ammonia solutions of these metals into 
liquids such as ether or toluene at temperatures which 
insure rapid volatilization of the solvent ammonia 
(92). 
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INDIANA HIGH-SCHOOL CHEMISTRY TEACHERS’ CONFERENCE 


THE THIRD annual conference of the Indiana High-Schooi 
Chemistry Teachers’ Association will be held at Indiana Univer- 
sity, Bloomington, Indiana, April 16 and 17, 1937. 

Officers of the Association for the current year are: C. O. 
Pauley, Valparaiso, President; Kenneth Conn, Bloomington, 
Vice-president; June Ossenberg, Martinsville, Secretary- 
Treasurer. 

Membership in the Association is open to any teacher of chemis- 
try in Indiana. Instructors from neighboring states are welcome 
to visit the sessions of the conference and participate in the discus- 
sions. 


PROGRAM 


Friday, April 16th 


A.M. Observation of Classroom and Laboratory Procedure in 
Chemistry Department of Bloomington High School— 
Kenneth Conn, Head of Department 

P.M. Registration of members 


Inspection of Chemistry Building and Other Points of 
Interest in the University 

Chemistry for the High School Student—Dr. C. G. F. Fran- 
zen, Indiana University 

The First Course in Chemistry—Dr. H. T. Briscoe, In- 
diana University 

The Gay-Lussac Law and Avogadro Hypothesis—F. B. 
Wade, Shortridge High School, Indianapolis 

General Discussion 


Evening. Banquet for members and guests 


Address of Welcome—Dr. W. L. Bryan, President, Indiana 
University 





Greetings—Dr. R. E. Lyons, Director of the Chemistry 
Department, Indiana University 

Demonstration, The Blow-Gun of South America—Dean 
Howard Enders, Purdue University 

Moving Pictures—Selected Topics in Chemistry 


Saturday, April 17th 


A.M. Technic of Directed Study in Chemistry—Professor T. A. 
Allen, Head of Chemistry Department, Male High 
School, Louisville, Kentucky 
Demonstration, Dry Ice—Edward Zetterberg, Muncie 
High School 
What Kind of Experiment Sheet ?—Ralph Scott, Oxford 
High School 
The High School Cheats Library—Leda Hughes, 
Shortridge High School, Indianapolis 
Standard Tests in Chemistry—B. H. Drake, Delphi High 
School 
P.M. Business Session 


Can Demonstration Take the Place of Individual Labo- 
ratory Instruction?—H. P. Harrison, Lawrenceburg High 
School 

How Should the Text Book Be Used?—Grant Frantz, La 
Porte High School 

A Comparison of the Four Adopted Texts in Chemistry 
for Indiana High School—Allen R. Stacey, Washington 
High School, Indianapolis 

Pupil Demonstration—R. D. Black and students of 
Wabash High School 

Chemistry Teaching in the Rural High School—E. W. 
Mehrer, Rolling Prairie High School 

Adjournment 











The DETERMINATION of the THER- 
MAL CONDUCTIVITY of GASES 


CHARLES M. MASON anp ROGER M. DOE 


University of New Hampshire, Durham, New Hampshire 


Directions are given for the construction and use of a 
simple thermal conductivity cell. 
Some results are given which were obtained with the 
apparatus. 
++ + 


NDREWS (1) appears to have been among the 
A first to measure the thermal conductivity of 
gases. He utilized the fact that a platinum 
wire stretched along the axis of a glass tube, when 


heated by an electric current of constant strength, as- - 


sumes a temperature which depends upon the nature 
of the gas surrounding the wire. This procedure has 
since been employed in modified form by many investi- 
gators (2). 

Weaver and Palmer (3) have used the method out- 
lined above as a basis for the development of an accurate 
means for the analysis of gaseous mixtures. 

An apparatus using this principle and suitable for 
student use has been described by Mack and France (4). 
It has been found in our laboratory that the cells de- 
scribed by these authors are difficult to make and not 
easily kept in working order when used by students. 

For these reasons a new cell has been devised which 
is easily manufactured and not readily damaged by 
rough use. It gives good results in the hands of 
students in the physical chemistry laboratory. 


THEORY INVOLVED 


The resistance of platinum wire varies with the tem- 
perature. At a definite temperature a platinum wire 
will have a definite resistance. Conversely, if the 
resistance is fixed, the temperature of the wire will be 
fixed. Different gases in contact with the wire will 
conduct heat away at different rates. To keep the 
wire at the same temperature in several gases, different 
amounts of electrical energy will have to be supplied. 
All other factors being equal, the amount of electrical 
energy will depend upon the nature of the gas in contact 
with the wire. 

When equilibrium is reached between the heated 
wire and ‘the shell of the cell by conduction of heat 
through the gas, the heat supplied to the wire by the 
electrical energy must be equal to the heat lost to the 
thermostat by conduction, convection, and radiation. 
The conduction includes the heat carried away by the 
gas and through the metal parts of the cell. For any 
given cell the latter loss will be a constant. The radia- 


A modification of a familiar method 1s outlined which is 
suitable for use in the elementary physical chemistry 
laboratory. , 


+ + + 


tion loss can be minimized by keeping the wire tem- 
perature below 400°C. (3). The variation in current 
with different gases to keep the temperature of the 
platinum wire constant will be a measure of the ther- 
mal conductivities of the gases used. 

The rate of transfer of heat by conduction through 
any medium is expressed by the equation 


o~ BAe te 


(1) 
where “‘Q”’ is the heat in calories transferred in ‘‘t’’ 
seconds from a surface of ‘‘A’’ sq. cm. across a distance 
“d’ cm. T2—T;, is the absolute temperature drop. k 
is the thermal conductivity of the medium in calorie 
cm. per sq. cm. per degree centigrade per second [cal. 
em.—? sec.—! (°C., em.—")—"]. 

It has been found convenient to gather all the heat 
lost by convection, radiation, and cell conduction to- 
gether as a constant and add this to that lost by con- 
duction through the gas. This loss will be a constant 
for any given cell. This gives us for the heat carried 
from the wire by conduction 


kA (T2 — T1)t , CA (Te — T)t 


Q 4 (2) 





The first term of this equation represents the thermal 
conduction of the gas and the second the heat lost by 
other means. ‘‘C”’ is a constant for any cell and will 
be designated by ‘“‘Cell Constant.” We then have the 
equation 





= &to Ae — T)t (3) 
for the heat lost from the hot wire. The heat in 
calories supplied to the wire is readily calculated from 
the expression 


Q = 0.239]? Rt (4) 


where ‘“‘J’”’ is the current in amperes flowing through the 

platinum wire of resistance R ohms in ¢ seconds. 
Equating the heat loss to the heat gain we have the 

expression 
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0.239/2R = (5) 





(k + C) A (T2 — Th) 
d 


which is independent of the time. For two gases alter- 
nately in the same cell at the same temperature we have 
2 
n= tOn-cC 6) 
Ih 
where the subscripts A and B refer to the first and 


second gas, respectively. When solved for the cell 
constant we obtain 


= Tike — Teka 


€ ~2at... 
RB-T 


(7) 
If the thermal conductivities are known and the corre- 
sponding currents have been determined for both gases, 
the cell constant can then be evaluated. 


EXPERIMENTAL DETAILS 


The type of cell found to be suitable is shown in 
Figure 1. This cell was made from a discarded five- 
pound ether can by soldering on the top a brass 
collar to take a No. 11 rubber 
stopper. In Figure 1 “a” rep- 

resents the electrical leads of 
B&sS No. 18 copper wire thrust 
through the rubber stopper 
indicated by “db.” ‘‘c’ desig- 
nates the platinum wire, B&S 
No. 42, silver soldered onto 
the copper leads at ‘‘d”. ‘“‘e” 
designates the glass inlet and 
outlet tubes for the gases. 

The conductivity measure- 
ments were made in a Wheat- 
stone Bridge circuit essentially 
the same as that employed by 
Mack and France (4). This 
circuit is shown in Figure 2. 

In the use of this cell the 
following procedure is recom- 
mended. Clean dry air is 
passed through the cell, in the 
thermostat, until it has been 
thoroughly swept out. 

The inlet and outlet tubes 
are then closed off. Sufficient 
time is allowed for the air to 
come to temperature. 

The resistances R; and R, 
are then set so that R, + Ry 
is equal to about one thousand 
ohms. This is to prevent burning out the resistance 
boxes by excess current. The switch is closed and R 

_adjusted until about 0.15 ampere flows through the cell. 

The key K is then depressed and R; and R: adjusted, 
keeping R; + R: equal to 1000 ohms, until the bridge 
is balanced. That is, the galvanometer shows no de- 
flection. 

The air is then displaced with another gas of known 


To View -S. topper Removed 




















Side view, thru center 


FIGURE 1.—Conpbuc- 
TIVITY CELL 
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conductivity. R,and R: remain constant. The current 
is adjusted with R until the bridge is again balanced. 
The current necessary to balance the bridge is noted. 
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FIGURE 2.—DIAGRAM OF CIRCUIT 


A AMMETER AS SENSITIVE AS Is OBTAINABLE 

B BATTERY 

C THERMAL CoNDUCTIVITY CELL 

G GALVANOMETER, L AND N, No. 2310 

K Key 

R VARIABLE RESISTANCE OF SUITABLE SIZE TO 
CONTROL THE CURRENT 

R,, Re VARIABLE RESISTANCES OF THE DIAL Box 
TYPE 

R; Heavy Duty RESISTANCE APPROXIMATELY 
EQUAL TO THE SUM OF C AND A 

S Switcu 


Under these conditions the platinum wire has been 
kept at the same temperature throughout the measure- 
ment and equation (6) may be used. The cell constant 
“C” is calculated from these values by equation (7). 

The thermal conductivity of any gas is then ob- 
tained by noting the current necessary to balance the 
bridge with that gas in the cell. 


RESULTS OBTAINED 


It may be of interest to note the results obtained by a 
student using the method in this laboratory. The 
data obtained are given in Table 1. 


TABLE 1 
Data OBTAINED IN LABORATORY AT 25°C. 
Gas Ri Rz i 
air 599 502 0.100 
CO: 599 502 0.085 
H2 599 502 0.239 


for air k = 0.571 X 10~* 
for CO, k = 0.367 X 1074 


(5) 


From these data the cell constant was found to be 
1.637 X 10-*. Using this and the thermal conduc- 
tivity for air the thermal conductivity of hydrogen was 
calculated to be 4.04 X 10-* (cal. cm.~? sec.~! °C.~! 
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cm.). This compares quite favorably with the value 
of 4.05 X 10~‘ given in the tables (5). 


DISCUSSION 


The conductivity cell described herein has several 
advantages. It is inexpensive, easy to construct, and 
readily repaired. Readings can be made with the gas 
stationary, which is a decided advantage in the labora- 
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tory. With slight modification the thermal conduc- 
tivity of vapors could easily be measured. 

The corrections indicated in the calculations would 
apply equally well to any type of thermal conductivity 
cell used. 

The authors wish to express thanks to Professors 
Edward Mack, Jr., and W. G. France for permission to 
use Figure 2 and to Mr. Homer Priest for preparing the 
drawings. 
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IMPROVED METHODS FOR SUBDIVIDING CATION GROUP II AND FOR SEPA- 
RATING ANTIMONIOUS AND STANNIC SULFIDES 


A. R. MIDDLETON 
Purdue University, Lafayette, Indiana 


AND 


G. T. WERNIMONT 
The Eastman Kodak Company, Rochester, New York 


USE OF alkali polysulfides to separate the two divi- 
sions of cation group II is unnecessary, provided tin 
be in the quadrivalent state, as it usually is in actual 
practice. Even freshly precipitated mercuric sulfide 
is readily soluble in NaOH. If it is washed long enough 
it becomes insoluble. This seems to be additional 
evidence that it, and presumably the other “‘sulfides”’ 
of the group, are really hydrosulfides when first pre- 
cipitated. 


Hg(SH2) + 20H~ = HgS." + 2H20 


In his recently issued ‘Brief Course,” page 166, Curt- 
man! uses NaOH to separate the sulfides. We had 
already observed the solubility of Hg(HS)2 in NaOH 
and used the latter for the subdivision of Group II 
cations. We convinced ourselves that a decided in- 
crease of accuracy and saving of time result. 

When dealing with the rather large amounts provided 
for in Curtman we have found it advantageous to 
transfer the group precipitate to a mortar, add 3 ml. 
of 6 N NaOH and 2 ml. of NaOH saturated with H.S 
and to slime thoroughly with a pestle for ten minutes. 
The 5 ml. of water saturated with H2S should be added 
just before filtering. Sliming is advantageous also when 





1 CurTMAN, L. J., “A brief course in qualitative chemical 


analysis,” The Macmillan Company, New York City, 1936. 


separating mercuric and arsenious sulfides by 15 N NHs. 

When working with semi-micro amounts, 3-10 mg. 
of well-washed group precipitate should be treated with 
three drops of 6 N NaOH and three drops of 6 N NaOH 
saturated with H2S and the mixture warmed and stirred 
five minutes with a platinum wire. After centrifuging 
and removing the liquid the treatment should be re- 
peated with the same amounts of reagents and stirring 
for five minutes. Experience with large classes has 
shown that this effects complete solution of HgS. The 
entire operation is carried out in the centrifuge tube. 

J. Kunz? has shown that H2S effects a clean 
separation of SbeS; and Sn, if the solution at the cor- 
rect Cy+ is saturated with NaCl. The solubility 
products of the two sulfides differ too little for sharp 
separation solely by control of Cy+. However, a 
large Co- by stabilizing SnCle= makes possible a 
satisfactory separation. 

Since at no point in the separation of the IIB elements 
is a considerable amount of sulfur formed when NaOH 
and NaCl are used, mercury, arsenic, antimony, and 
stannic tin can be identified by the characteristic colors 
of their sulfides and no confirmatory tests are necessary. 
We can strongly recommend these reagents. 





2 Kunz, J., ‘““Methoden der qualitativen Analyse der Schwefel- 
wasserstofigruppe,” Helv. Chim. Acta, 16, 1044 (1933). 




















CONCENTRATION CELL MEASURE- 


MENTS in PHYSICAL CHEMISTRY 


CREIG S. HOYT 


Grove City College, Grove City, Pennsylvania 


NE of the most desirable measurements of free 
energy for the course in physical chemistry is 
that derived from the electromotive force of 
concentration cells. For this experiment, silver ni- 
trate solutions with silver poles have been most widely 
used in spite of certain difficulties in manipulation. 
The objections to this type of cell are (1) the quan- 
tity of solution required and the resultant cost, (2) the 
staining of hands and equipment incident to making 
up and connecting the half cells, (3) the difficulty of 
preparing uniform and consistent silver poles without 
anomalous surface effects. 

- The first two objections have been adequately met 
and the time required materially shortened by the 
use of the rack shown in Figure 1. This was made by 
Wallace Christley, a student, in the college shop. The 
five openings located around the outside hold the usual 
electrode vessels containing, respectively, normal, 
tenth-normal, and hundredth-normal silver nitrate, 
a saturated solution of silver chloride in molar potassium 
chloride, and a normal calomel electrode, all dipping 
into a 150 cc. beaker in the central opening containing 
saturated potassium nitrate. Each silver solution has 
a silver pole connected to its own binding post on the 
rack by a copper wire dipping into a mercury well. 
A fifth binding post is provided for the calomel elec- 
trode. To make the measurements, once the cells 
are prepared, it is only necessary to connect the pairs 
of binding posts in turn to measure the following cells, 


(1) Ag|AgNO; 0.1 M|KNOs,sat.|AgNO; 1 M|Ag 

(2) Ag|AgNO; 0.01 M KNO,, sat. AgNO; 0.1 M|Ag 

(3) Ag AgNO; 0.01 M|KNO,, sat.|AgNO; 1 M|Ag 

(4) Ag|AgCl, sat. in M KCI|KNOs, sat. AgNOs, 0.01 M|Ag 
(5) Normal calomel electrode|KNOs, sat.|AgNO; 1 MjAg 
(6) Normal calomel electrode|KNOs, sat.|AgNO; 0.1 M|Ag 
(7) Normal calomel electrode|K NOs, sat.|AgNO; 0.01 M|Ag 


The preparation of the cells and the measurements 
of electromotive force require approximately two hours 
with students having no previous experience in this 
type of work. 

The third objection is more difficult to meet, and 
investigators have used various methods of preparation 
in an effort to secure satisfactory poles. Bell and 
Field (1) made use of platinum foil welded to a plati- 
num lead-in wire which was sealed through glass. This 
was plated with silver from an acid solution of silver 
nitrate but no current densities are given. Gibbons 


and Getman (2) used silver wire sealed to platinum 
wire, which was in turn fused through glass. 


Noyes 
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and Brann (3) plated finely divided silver onto platinum 
foil and found it necessary to leave the electrodes 
short-circuited in silver nitrate solution for several days 
before they became identical. Forbes and Anderegg 








FIGURE 1 


(4) used pure silver oxide which was held in a platinum 
spiral. This was heated in a furnace to 450°C., at which 
temperature the silver oxide was reduced to finely di- 
vided silver. The last investigators emphasize that one 
should ‘‘view with distrust values obtained by opposing 
any silver electrode to another of different character, a 
calomel electrode, for instance, where the surface energy 
is uncompensated.” This suggests that the surfaces 
so produced were not unstrained, even though identical. 
Findlay (5) directs that electrodes be prepared from 
silver wire of large diameter and that these should be 
coated with a fresh deposit of silver. He gives no in- 
dication as to the electrolyte to be used or the desirable 
current density. 

The reason for variation in the potential of silver 
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electrodes prepared by apparently identical processes 
is to be found in the nature of the metal lattice. Strains 
in the silver lattice due to mechanical work change 
the electromotive force in proportion to the displace- 
ment in the lattice. Silver wire is, therefore, manifestly 
unsuitable for electrode measurements. 

In this laboratory we have employed as electrode 
material pure silver foil welded to a platinum wire 
which is fused through glass. Such foil may have 
been strained by the work done on it although poles 
prepared from it were identical without the necessity 
of plating silver upon it or decomposing silver oxide 
on the surface. After one determination, however, 
these electrodes change potential considerably and, 
at first, were replaced each time. We have found, 
however, that if the electrode is thoroughly cleaned 
with distilled water and then held in a flame until an 
exceedingly thin layer of molten silver just flashes 
across the surface, the potential is restored to almost 
exactly that of the original. Electrodes given this 
treatment agree to within 0.2 millivolt. The freshly 
prepared electrode is bright and shiny in contrast with 
the appearance after use. 

Table 1 gives the summary of the reports of thirty- 
six student pairs using these electrodes covering a period 
of three years. Column 4 gives the calculated values, 
neglecting any junction potential, calculated from the 
activity coéfficients of Lewis and Randall (6). Inas- 
much as this was the first experience of any of these 
students with the Leeds and Northrup Type K Po- 
tentiometer, a portion of the error must be assigned 
to a lack of expertness with the instrument. 


TABLE 1 
ELECTROMOTIVE ForRCE OF CONCENTRATION CELLS 


Electro- 
motive 
Force, 

Calcu- 
lated 


Devia- 
tion, 
Avg. 


Electromotive Force Error 


High Low Avg. 


Solutions 


M AgNOs 
0.1 M AgNOs 


0.1 M AgNOs 
0.01 M AgNOs 


M AgNOs 
0.01 M AgNOs 


0.0459 0.0432 0.0440 0.0002 0.0439 0.00005 


0.0541 0.0516 0.0526 0.0005 0.0537 0.0011 


0.1004 0.0949 0.0970 0.0014 0.0976 0.0006 


The determination of the solubility of silver halides 
may be made a part of this experiment by measuring 
the activity of the silver ion in a molar solution of the 
potassium salt of the halogen, saturated with the silver 
salt. Inthe experiment as carried out in this laboratory 
molar potassium chloride is saturated with silver chlor- 
ide by adding three drops of 0.01 M silver nitrate to the 
molar solution of the chloride. The electromotive 
force of the concentration cell numbered 4 in the pre- 
vious list is measured by the Type K potentiometer. 
From this the activity of the silver ion may be calcu- 
lated by the equation 


E = RT/nF In a2/ai, 


where a is the activity of the silver ion in 0.01 M silver 
nitrate and a; is the activity of silver ion in molar 
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potassium chloride saturated with silver chloride. 
For example, using the average value of E, 


0.01 X 0.905 
aq 


0.45377 = 0.05915 log 


since the activity coefficient of 0.01 M AgNO; is 0.905 


0.00905 
g —_— 


a = 1.93 X 10-” 


lo = 7.671 


+ _ 
Then, (Ag) X (Cl) = Kz». AgCl 
(1.93 X 107) X (0.654) = 1.262 x 10-1 
4/1.262 X 10- = 1.12 X 10-5 moles per liter 


The effect of variation in temperature is much more 
pronounced in this case than in the others, since the 
heat of solution of silver chloride is large and the activ- 
ity of the silver ion in the saturated solution undergoes 
a considerable change with small changes in tempera- 
ture. The results for the same student groups are 
shown in Table 2. 


TABLE 2 


SoLuBILITY OF SILVER CHLORIDE FROM ELECTROMOTIVE ForRCE OF CONCEN- 
TRATION CELLS 
Electro- 
motive 
Force, 
Calcd. 


Devia- 
tion, 
Avg. 


Electromotive Force 
High Low Avg. 


0.01 M AgNOs 


Sat. AgClin M KCI 0.4612 0.4497 0.4538 0.0022 0.4555 


The last three measurements in which each electrode 
in turn is connected with the normal calomel electrode 
serve to demonstrate experimentally that the electro- 
motive force of a concentration cell is equal to the differ- 
ence in electromotive force between two cells having 
one electrode the same and the other differing only 
in the concentration of the electrolyte. The variation 
between the results of the various student groups is 
invariably greater than is the case with the concen- 
tration cells. Whether this is to be attributed to the 
greater temperature coefficient of this type of cell or 
to specific effects upon the electrodes is not apparent. 

The results are summarized in Table 3. 


TABLE 3 


SINGLE POTENTIALS OF SILVER POLES 

Electro- 
motive 
Force, 
Calcd. 


Devia- 
tion, 


Eleciromotive Force 
i Avg. 


Solution High Low Avg. 
M AgNOs 
N Calomel 
0.1 M AgNOs 
N Calomel 
0.01 M AgNOs 
N Calomel 


0.5076 0.4975 0.5020 0.0026 0.4903 


0.4643 0.4509 0.4572 0.0033 0.4465 


0.4118 0.4006 0.4049 0.0025 0.3932 


CONCLUSION 


The measurement of the electromotive force of silver 
concentration cells is recommended as an experiment 
in the course in physical chemistry. An apparatus 
assembly which permits rapid measurements and pre- 
vents waste of reagents is described. 

The specific effects due to strain in silver electrodes 
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may be eliminated by heating the poles just before use 
until a very thin layer of molten silver flashes across 
the surface. The electromotive force of concentra- 
tion cells using this type of electrode is readily repro- 
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ducible and agrees closely with the values calculated 
from the activities of the silver ion in the solutions. 

Student results are given to indicate the degree of 
accuracy to be anticipated. 
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PREPARATION of CONSTANT- 
BOILING HYDROBROMIC ACID 


G. B. HEISIG anp E. AMDUR 


University of Minnesota, Minneapolis, Minnesota 


LTHOUGH constant-boiling hydrobromic acid 
A is very useful both as a reagent and as a start- 

ing material for the preparation of the fuming 
acid it is rarely found in any quantity in chemical 
laboratories, partly because of its expense. The 
usual methods of preparation—absorbing the required 
amount of hydrogen bromide generated by dropping 
bromine on red phosphorus! or into boiling tetralin,? 
passing a mixture of gaseous bromine and hydrogen 
over a catalyst,® or by the interaction of sulfur dioxide 
and bromine in the presence of water while giving a 
satisfactory product require more or less elaborate 
apparatus, and considerable attention. Many texts 
of inorganic chemistry state that pure hydrobromic 
acid cannot be prepared by the action of sulfuric 
acid on a bromide because of the oxidation of the 
hydrobromic acid to bromine and the formation of 
sulfur dioxide. However, Pickles‘ reported the prepara- 
tion of the acid by distilling a mixture of two moles of 
potassium bromide dissolved in enough water to give 


1 BILtTz, BLANCHARD, AND HALL, “‘Laboratory methods of in- 
organic chemistry,’’ John Wiley & Sons, Inc., New York, 1928, 
p. 71. BorNEMANN, “Anorganische Preparative,’’ Verlag von 
L. Voss, Leipzig, 1926, p. 46. VANIANO, ‘Handbuch der prapa- 
rativen Chemie,” Verlag von F. Enke, Stuttgart, 1913, p. 51. 

2 Mutter, Monatsh., 49, 29 (1928). 

3 Bitz, BLANCHARD, AND HALL, ‘Laboratory methods of 
inorganic chemistry,” John Wiley & Sons, Inc., New York City, 
1928, p. 71. RIcHARDS AND HonicscumiptT, J. Am. Chem. Soc., 
32, 1577 (1910). RuHorr, BURNETT, AND REID, “Organic 
syntheses,” John Wiley & Sons, Inc., Vol. XV, 1935, p. 35. KAmMM 
AND MarvEL, “Organic syntheses,’ Collective Vol. 1. John 
Wiley & Sons, Inc., New York, 1932, p. 23. 

4 PickLes, Chem. News, 19, 89 (1919). 


400 ml. of solution and one mole of conc. sulfuric acid 
to which had been added 0.014 mole of stannous chlo- 
ride to prevent the oxidation of the hydrobromic acid. 
He reported a 95 per cent. yield of acid nearly free of 
chloride ion. 

Druce® stated that Pickles’ procedure was unsatis- 
factory because of the severe bumping due to the 
solid potassium sulfate which formed as the distilla- 
tion progressed. He suggested the use of 1.54 moles 
of sulfuric acid for each mole of potassium bromide. 
After the solution has stood overnight and the potas- 
sium acid sulfate has been filtered off, no solid appears 
during the distillation of the constant-boiling acid. 
Our attempts to duplicate the work of Druce were uni- 
formly unsuccessful. In all runs the distillate contained 
hydrogen sulfide, or free sulfur. In several instances, 
stannic sulfide collected in the condenser. A run was 
then made with the omission of the stannous chloride. 
The yield of constant-boiling hydrobromic acid was 
satisfactory (85 per cent.). The distillate contained 
no free bromine, as shown by extraction with carbon 
tetrachloride, but did contain from 0.01 to 0.015 per 
cent. of sulfate ions. This quantity of sulfate ion is 
not excessive and the percentage is practically that 
present in an analytical grade of hydrobromic acid 
supplied by a well-known producer. However, re- 
distillation yielded a product in which no precipitation 
of barium sulfate took place after barium chloride 
had been added to 70 ml. of acid diluted to 100 ml., 
even after several days’ standing. The simplicity of 
the procedure, together with the little attention re- 


5 Druce, tbid., 126, 1 (1923). 
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quired and the purity of the product, should commend 
this method of preparation. 

Method.—Add 120 g. of powdered potassium bromide 
to 200 ml. of water. Place the container in cold water, 
and slowly add 90 ml. of conc. sulfuric acid (1.7 moles). 
The temperature should not go appreciably above 75°; 
otherwise a small amount of free bromine may be 
formed. However, the formation of a small amount 
of bromine is not particularly serious, since it will 
come over with the distillate boiling between 100-115°. 
Cool the solution to room temperature and remove the 
potassium acid sulfate by filtering through a hardened 
filter paper in a Buchner funnel. Place the filtrate in a 
500-ml. distilling flask connected to a water condenser 
fitted with an adapter, and heat over a wire gauze. If the 
presence of 0.01-0.015 per cent. of sulfate ion is not ob- 
jectionable reserve the distillate which starts to come 
over 1° below the temperature of the constant boiling 
mixture. The distillation should be stopped when 
the temperature drops. The specific gravity of the 
solution will vary because of the variation of composi- 
tion with the barometric pressure. A yield of approxi- 
mately 85 per cent. will be obtained. The yield may 
be increased by redistilling the low boiling portions. 
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If constant boiling hydrobromic acid free from sulfate 
ion is wanted, collect the distillate over a range start- 
ing 5° below the temperature at which the constant- 
boiling acid distills. Redistill this acid and reserve 
only the distillate coming over at the constant-boiling 
temperature to obtain acid of the highest specific 
gravity. The addition of barium hydroxide before the 
second distillation did not give a purer product. The 
yield is approximately 85 per cent. of that calculated. 

The yield of product was considerably lowered by 
reducing the ratio of potassium bromide to sulfuric 
acid. 

The boiling point of a constant boiling mixture is 
122.5° at 740 mm. and 126° at 760 mm. The specific 
gravity of 35 per cent. hydrobromic acid is 1.315, of 
40 per cent. is 1.377, of 45 per cent. is 1.445 and of 50 
per cent. is 1.517. 


SUMMARY 


A simple method of preparing constant boiling hydro- 
bromic acid has been described which involves the 
use of chemicals and apparatus ordinarily found in a 
chemical laboratory. 





The USE of SODIUM HYPOCHLORITE 
as a QUANTITATIVE SAMPLE 


STANCIL S. COOPER 


Washington University, Saint Louis, Missouri 


VER a period of several years the determination 

of the available chlorine in bleaching powder 

was given in this laboratory as a routine ex- 
periment to students in first semester quantitative 
analysis. Good results were seldom obtained with 
these samples. Two characteristics of the samples, 
namely, their lack of homogeneity and their instability, 
were found to be responsible for this situation. The 
instructors themselves frequently did not know the 
actual composition of the samples issued. 

In a course in quantitative analysis the aim of the 
instructor should be the teaching of the technic and 
theoretical principles of analyses. Students should 
learn to appreciate the accuracy with which determina- 
tions can be made. Those who have no faith in their 
analyses in all probability will accomplish very little. 
They quickly lose confidence in their analyses if they 
are given samples which do not yield consistent re- 
sults. They lose faith in the method, in their own 
ability as analysts, and, consequently, in quantitative 


work asawhole. Reliable results can be obtained only 
when a good method is applied to a good sample. 

Two years ago we abandoned the use of bleaching 
powder and substituted the commercial household 
bleach, sodium hypochlorite. These bleaches are 
homogeneous, give good results in the hands of the 
beginning student, and can be issued by accurate dilu- 
tion from a stock solution. During the past semester 
ninety-five determinations of the grams of chlorine 
per 100 ml. of sample were made by students in first 
semester quantitative analysis. The strength of the 
samples issued varied from one part of the stock solu- 
tion in five parts of water to the stock solution itself. 
Dilutions were made with pipets and burets. Four 
different stock solutions were used. The student 
diluted 25 ml. of his sample to 250 ml., removed a 25 
ml. aliquot, and analyzed it by the iodometric method. 
These reports were compiled and the values computed 
to the common basis of five grams available chlorine 
per 100 ml. of stock solution in order that the results on 
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all four stock solutions could be compared. The re- 
sults are shown by the frequency distribution curve 
in Figure 1. 

The probable error in a single observation was 
found to be +0.03, giving a mean of 5.00 + 0.03 g. 


Per cent. error. 
0 


+1.6 +3.2 








— 
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Number or frequency of determinations. 
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5.08 














oL AA 


4.84 





4.92 5.16 


5.0 
Grams chlorine per 100 ml. 


FIGURE 1.—DISTRIBUTION OF RESULTS IN TERMS OF GRAMS 
OF CHLORINE PER 100 ML. AND IN TERMS OF PER CENT. ERROR 


chlorine per 100 ml. Of the total number of reports, 
53.7 per cent. fall within this error and only 5.3 per 
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cent. fall outside three times this error (which is the 
usual criterion for the rejection of observations). The 
sodium thiosulfate used was standardized against 
potassium dichromate which had been standardized 
against iron wire. The cause of most of the poor re- 
sults was traced directly to an incorrectly standard- 
ized thiosulfate. Perhaps the direct arsenite method 
would yield better results. 

The sodium hypochlorite samples lose chlorine very 
slowly. One sample, analyzed over a period of two 
hundred fifty days (which included the summer 
months), showed an average loss of 0.085 per cent. of 
the original chlorine content per day. This sample, 
however, was seldom opened and was not given the 
same treatment as a stock solution from which samples 
were being drawn from day to day. One of the stock 
solutions from which student samples were being 
taken was tested after three, five, eight, and thirteen 
days. ‘The rate of loss of chlorine from this solution was 
0.090 per cent. of its original value (5.60 g. per 100 ml.) 
per day. This rate was practically constant. 

Not only can these sodium hypochlorite solutions be 
accurately sampled, so that good results can be obtained 
by beginners, but they are so stable and their rate of 
decomposition may be so accurately determined that, 
over the short period of time which they are used, the 
actual composition of the sample can be known. Such 
commercial bleaches as ‘“‘Chlorox,”’ ‘‘Purex,’’ etc., can 
be recommended as good samples on which to determine 
available chlorine. 





A BETTER WORLD 


through SCIENCE’ 


ALEXANDER SILVERMAN 


University of Pittsburgh, Pittsburgh, Pennsylvania 


LFRED UNIVERSITY, which celebrates the 
A one hundredth anniversary of its founding 
today, attracts me through a number of bonds 
which are as powerful as any that we encounter in our 
study of the chemical elements and their reactions. 
The first bond I hold, in common with every under- 
standing American, for the late Charles Fergus Binns, 
many years Professor of Ceramics in your University. 
His admirable character, his outstanding contributions 
to the art and science of ceramics, carried him to the 
pinnacle of success; made him the unchallenged 
Dean of Ceramics of the Nation. 
The year 1915 first brought one of your graduates, 


*An address delivered in Alfred, New York, December 3, 
1936, on the one hundredth anniversary of the founding of 
Alfred University. 


Raymond M. Howe, tome. He wasa brilliant student, 
obtained his M.S. degree and later became a Fellow 
in the Mellon Institute of Industrial Research. Un- 
fortunately, the “Grim Reaper’’ called him in 1924. 
In 1919 another of Alfred’s sons, Willard J. Sutton, 
came to the University of Pittsburgh as a graduate 
assistant. He conducted his research for the Ph.D. 
under my direction and is now the successful Head of 
the Chemistry Department in Fukien University, one 
of the largest universities in China. In 1920 still 
another of Alfred’s sons came to us. Again I had the 
good fortune to direct his research for the Ph.D. He, 
Paul C. Saunders, today graces your own chair of 
chemistry and has carried the popular story of our 
science to many thousands of people in various parts 
of the United States. You have just sent me another 
of your sons, a member of the class of 1936, who is one 
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of our present graduate assistants. He already gives 
promise of equaling the excellent records of his Alfred 
predecessors. These men have created the second 
bond of attraction, for your sons are also my sons. 

The third bond was established last year when I 
came here to lecture on glass. The warm welcome and 
generous appreciation of your faculty and students, 
your gracious hospitality, Mr. President, and that of 
your Deans, established a friendship which I cherish 
and which I hope to carry through life. 

Had none of the bonds to which I have referred been 
created, I should still have accepted your kind invita- 
tion to give the Founders’ Day address, because of the 
valuable contributions which Alfred University has 
made to the teaching and advancement of the arts and 
the sciences during the past century. I consider it a 
privilege to be your guest. 

And now I shall “try” to convince you that our world 
is a better world through the findings of science. Sci- 
ence has been defined as organized knowledge. When 
we undertake something systematically or methodi- 
cally, we approach it scientifically. The problem may 
be a material one like the enrichment of the soil to 
increase crop production, or the manufacture of a 
commodity; it may be an abstract one like the study 
of the individual mind in psychology, or the group 
mind in sociology. 

The extent to which the world benefits through the 
natural sciences necessarily depends on their proper 
utilization and on the concurrent progress of some of 
the abstract sciences. In other words,.we must adjust 
ourselves to new discoveries which are intended to 
better our lot, but which may actually prove harmful 
if misunderstood or misused. The economist, also, 
must keep pace with scientific advancement, so that 
the economic balance which is best for the greatest 
number of world citizens shall not be upset through 
the introduction of new scientific discoveries. 

Chemistry has made its contributions toward 
world betterment. Of the chemical elements, except 
those which alone, or in their compounds, are essential 
to life itself, perhaps none is more important than 
chlorine. This element, which is a greenish yellow 
gas, irritating to mucous membranes, and poisonous, 
is now almost universally employed to sterilize water. 
We had been told before its adoption that we could 
filter water to clarify it, and boil it to destroy bacteria 
or harmful organisms, but the latter procedure depended 
on individuals, and they were either indifferent or 
careless. I well recall that in my boyhood the city 
of Pittsburgh was typhoid-ridden. My sisters and I 
had the dread disease. Everyone expected it, for 
although water might be boiled in the home, dairy 
conditions were often bad and the pasteurizing of milk 
had not yet become a general practice. Today mu- 
nicipalities sterilize the water supplies, and large dairies 
and distributors, under government supervision, pro- 
vide milk which is free from pathogenic organisms. 
Typhoid fever and other milk- and water-borne diseases 
are almost unknown except in small, isolated communi- 
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ties where carelessness sometimes prevails. The world 
at large has, therefore, benefited through the use of 
chlorine in the treatment of water supplies, and through 
the pasteurization of milk. 

But the chemist is accused of using his discoveries to 
the detriment of mankind. It will be recalled that 
during the World War one European nation introduced 
the idea of allowing chlorine gas, which is two and one- 
half times as heavy as air, to flow with the wind in the 
direction of enemy trenches. This was a horrible 
application. Tear gas, sneeze gas, and other disabling 
chemicals were employed. War gases are examples 
of the unscrupulous and harmful application of sub- 
stances which are really intended to benefit humanity. 
The alibi was offered that it was better to disable an 
individual than to fill him with shrapnel and maim him 
for life. It is far better not to resort to either practice. 

Some of these compounds have a justifiable utility. 
Suppose that we had our deposits in a bank for security 
and that a bandit decided to stage a hold-up. The 
liberating of tear gas to blind him temporarily would 
seem justifiable for the protection of a large number of 
depositors. Bank vaults are now equipped with 
containers of such materials, so that a criminal who 
gains entry is instantly gassed and prevented from 
executing his plan. We need hardly offer a defense 
against the disagreeable use of disabling chemicals 
under such circumstances. 

Related to chlorine is another element, fluorine, 
whose compounds are used in the manufacture of opal 
glass and in the etching of glassware. The opal 
glasses shield high-power bulbs and protect the eyes 
from glare, and the etched designs on our table-ware 
are pleasing to the eye. Only recently a chemist was 
asked to investigate the cause of brown spots on the 
teeth of individuals in one of our Midwestern districts. 
The ordinary analysis of the water did not divulge the 
cause. An instrument, which was devised by Bunsen 
many years ago to study the nature of the spectrum, 
or rainbow of colors, makes it possible by characteristic 
color lines, which each of the chemical elements pro- 
duces when incandescent or luminous, to identify 
mere traces of chemical substances. The use of this 
instrument divulged the presence of minute quantities 
of fluorides in the water in question. When pure 
water, free from this minute impurity, was administered 
to experimental cases, the brown spots on the teeth 
disappeared. We now know that fluorides are harmful, 
and can avoid the use of water which contains them. 

Iodine, another of the chemical elements which is 
related to chlorine, has been known to most of us 
through its solution which we call tincture of iodine, 
which is employed as an antiseptic for cuts and abra- 
sions. A small amount of this element, in certain 
combinations, is essential for normal health. In regions 
where water lacks sufficient iodine, goiter prevails. 
However, the addition of a small amount of iodide to 
salt, or the administration of thyroxin, a natural iodine 
compound which is found in certain animal glands, 
will correct the deficiency, and goiter is far less common 
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in the world than it has been at any time in the past. 

Bromine is also related to chlorine. At one time we 
thought of bromides only as sedatives for nervous 
patients. At present bromine has another use, indi- 
rectly, in preparing anti-knock compounds for addition 
to gasoline. The demand for bromine for this purpose 
is so great that one company has equipped a plant on 
the Atlantic coast for its recovery from sea water, 
although this contains only minute amounts of bro- 
mides. 

Among the innumerable examples of chemical 
benefaction, we might consider textiles. Cotton, 
linen, and wool have been used for ages. We are told 
that some thousands of years ago the young daughter 
of a Chinese empress secretly performed a religious 
ceremony with a cocoon. It seems that the Chinese 
held this little object sacred, for a worm encased itself 
in a homely shroud and emerged a beautiful moth. 
To the Chinese this was a symbol of transmigration. 
The child, balancing the cocoon during a ceremonial 
in which tea played a part, accidentally dropped it 
into the hot liquid. The empress, her mother, 
approached, and the child in her frantic effort to remove 
the cocoon with her chopsticks unraveled a portion 
of it which had been softened by the hot liquid. It is 
a wise parent who reflects before inflicting punishment. 
An examination of the delicate fibers revealed their 
glistening beauty, so the empress proceeded to soak a 
few more cocoons and weave some silk. Thus, the silk 
industry is said to have originated. 


Over forty years ago Count Hilaire de Chardonnet 
discovered nitro-silk, which he prepared by treating 
cotton or wood with nitric and sulfuric acids, obtaining 
a modification of nitro-cellulose or gun cotton, already 


known as a powerful explosive. He dissolved the gun 
cotton in suitable solvents, preparing a liquid like 
collodion, of the nature of ‘“‘new skin,’’ which was 
employed for covering cuts or wounds with a trans- 
parent film. On forcing this solution through tiny 
openings in metal dies and further treating it chemi- 
cally, fine filaments were prepared which were highly 
lustrous. They could be woven and had even a better 
sheen than silk. De Chardonnet gave the world the 
first new textile fiber in over one thousand years. It 
was woven into fabric then called nitro-silk. It was, 
unfortunately, highly flammable and a dangerous 
material to wear, but through additions it was rendered 
less flammable, and its discovery in turn led to still 
others, of which the ultimate product was our modern 
rayon. When de Chardonnet died about twelve 
years ago, the world at large knew so little about his 
discovery that few newspapers carried the notice of 
his death. As far as I know, the American announce- 
ment was limited to a one-inch international news 
item in a leading New York daily. 

Possibly the present century will see another textile 
fiber. It is claimed that when glass wool can be 
made with no filaments exceeding one five-thousandth 
of an inch in diameter, glass cloth will be safe for human 
apparel. 
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The material which was used for nitro-silk first made 
the photographic celluloid film possible and permitted 
the taking of a number of photographs on a compact 
roll, instead of limiting the procedure to single exposures 
on glass plates. The original film was explosive, 
but the celluloid was gradually displaced by other 
transparent films, and today we have a type of safety 
film of an entirely different composition which is used 
in enormous lengths for the production of motion 
pictures. What motion pictures have meant to modern 
man is obvious to everyone, but many are still unaware 
that there is a new film, of numerous layers, which 
photographs in natural colors. The dyes are in the 
respective layers, and the effect is exquisitely beautiful. 
It is, as yet, impossible to duplicate these color movies, 
but experiments are under way, and we shall in due 
time see nature in all its glory in our motion picture 
theaters; and then black and white films will be a 
thing of the past. The invention of a young New 
England scientist will even permit us to see three 
dimensional images, so that the scenes will no longer 
be flat. 

The application of plastic materials which can be 
poured as liquids onto highly polished metal rolls and 
converted into sheets is not limited to photography. 
Before setting, the sticky sheets, which have been 
improved almost daily, now serve as binders for plates 
of glass, producing the laminated glass which many 
states already require for safety in automobile windows. 
In thicker units, we have bullet-proof glass which 
serves as a protection against hold-ups in banks. 

The newer improvements on celluloid, colorless or 
colored, clear or opaque, with an endless variety of 
additions to produce artistic effects, are used for 
umbrella handles, bracelets, beads, spectacle rims, 
pipe stems, fountain pens, and an almost unlimited 
number of articles which an observer encounters. 
The thin transparent cellophane is already common- 
place, and we should really miss the transparent wrap- 
pers if we had to go back to ordinary paper. Gun 
cotton and, more particularly, the newer explosives 
are employed in blasting and in mining operations. 
That they should be used in warfare is unfortunate, 
but the benefits, which these discoveries have afforded 
man, enormously overbalance the misuse to which 
they have been put by individuals and by nations. 

Let us now consider a few developments in the field 
of physics. Already, in 1859, Pliicker found that 
rarified gases, or gases under very low pressure, would 
become incandescent if a high frequency electric dis- 
charge passed through them. The tubes were small 
and not like the large neon lighting signs that we use. 
Originally, these were experiments in pure science 
which were utilized in connection with spectrum 
analysis, already referred to. Almost twenty years 
later Sir William Crookes constructed a vacuum bulb 
and found that the rarified air in the bulb had a purplish 
glow under an electric discharge when viewed in a 
dark room. Where the rays struck the glass, a ghastly 
greenish light was produced. 
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In 1895 Roentgen noticed that the rays from such a 
bulb passed through a black paper, which surrounded 
a photographic plate, and produced shadow pictures 
of metallic objects which were laid on the paper. The 
rays puzzled him, so he called them X-rays. We now 
know that these rays pass more readily through some 
chemical substances than others; for example, the 
flesh produces a lighter shadow than the bones in 
photographs, and so we can locate fractures to assist 
the surgeon in setting an injured member of the body. 
Then it was found that bismuth compounds, and later 
the insoluble and harmless barium sulfate, were practi- 
cally opaque to such rays, with the consequence that 
we may take liquid food mixed with barium sulfate 
and locate growths or abnormalities in the stomach 
and in the intestinal tract. This application has 
minimized uncertainty in surgical operations through 
facilitating the locationof the correctspot for operations. 

Within a year of the discovery of X-rays, Becquerel 
observed that salts of the chemical element uranium 
affected photographic plates in a manner similar to 
X-rays. Uranium minerals in the mines of Joachims- 
thal in old Austria, now Jachymov in Czechoslovakia, 
had a similar effect on photographic plates, but even 
more pronounced. In 1898 Madame Curie, in Paris, 
announced the discovery of radium, whose rays were 
still more powerful than any X-rays which had ever 
been produced. The radium discovery, and a succes- 
sion of important discoveries by other scientists, 
taught us that matter is made up of tiny electrical 
particles, one of which is now commonly known as the 
electron. An electric current consists of a stream of 
these little electrons. They shoot forth from metallic 
surfaces in bulbs which transmit sound and which, in 
our radio receiving sets, amplify that sound for our 
enlightenment and entertainment. The significance 
of radio to mankind need hardly be discussed. 

In 1831 Michael Faraday and Joseph Henry, to- 
gether, gave us the electrical dynamo. Some of you 
may recall that when Faraday was questioned con- 
cerning his experiments, he remarked, ‘‘I am busy, 
just now, on electro-magnetism and think I have got 
a good thing, but can’t say. It may be a weed, 
instead of a fish, that after all my labor I may at last 
pull up.”” That weed was a prize fish. In my lifetime 
of only a little over a half century first came the oil 
lamp as the sole source of illumination; then coal gas, 
which with a lava jet produced a weird flickering 
flame. Next, natural gas was discovered, but it lacked 
the luminosity of coal gas, until the Welsbach incandes- 
cent mantle was devised; and then Edison gave us 
his carbon lamp. Here electricity first found its place 
for illumination. Most of you students do not know 
what a carbon lamp looked like. We, in our day, felt 
rather proud if we could use an 8- or 16-candlepower 
bulb, with its heavy, yellow-light-producing filament. 
Today we buy the tungsten lamp with its low current 
consumption and intense luminosity. 

In 1920, when the tungsten lamp had already come 
into use, America paid a half billion dollars for elec- 
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tricity which, with the old carbon lamps for similar light 
intensity, would have cost at least a billion and a 
half. By improving the filament, changing the gas 
content of the bulbs, and frosting them on the inside, 
we have either reduced our light bills still more, or 
gotten more light for the same money and at the same 
time eliminated the glare of the filament which pro- 
duced eye strain. And these tungsten lamps which 
convert night into day are produced in American facto- 
ries at the rate of over two million every twenty-four 
hours. 

Developments in the field of microbiology have 
helped mankind. Smallpox was at one time considered 
unavoidable by members of the human family. It is 
said that in those days people advertised for servants 
who had recovered from smallpox. The difficulty of 
getting through life without this dread disease was 
expressed in a popular German saying of the eighteenth 
century, ‘“von Pocken und Liebe bleiben nur wenige 
frei,” meaning, ‘““Few can escape love and smallpox.”’ 
Jenner in 1896 established the value of vaccination as 
a protection against smallpox. A young milkmaid 
from Gloucestershire had come to Jenner for advice 
while he was studying medicine, and had incidentally 
remarked, ‘‘I cannot take smallpox. I have had cow- 
pox.” This statement led to the preparation of the 
vaccine which we accept today as a matter of course. 

You have probably read of Pasteur’s labors in the 
field of bacteriology, of how he saved the vineyards of 
France by the use of sprays to destroy grape rust, and 
how he discovered the destructive germ in the silk 
moth, thus saving the silk industry. If you have seen 
the motion picture, ‘“The Life of Louis Pasteur” you 
realize how effectively he inoculated people, who were 
bitten by mad dogs, against rabies. The subsequent 
work of others on sera and antitoxins for diphtheria, 
typhoid, and other diseases, together with the recogni- 
tion of yellow fever as a mosquito-bred germ disease, 
relieves the world of many of the germ terrors that 
formerly existed. Lord Lister gave us antiseptics, 
which are found in practically every household, and we 
have learned to treat wounds and prevent infection. 

Tiny organisms are responsible for fermentation. 
Yeast and the baking industry, the manufacture of 
alcohol, wines, beer, vinegar, cheese, and innumerable 
other fermentation products have acquired industrial 
importance. A. E. Wiggam in his ‘‘Fruit of the Family 
Tree’ has aptly remarked, ‘‘Nobody has ever seen 
microbes with the naked eye, yet their discovery has 
changed nearly all human life. The education of 
people about microbes is one of the most spectacular 
things in all history. A generation ago microbes were 
mysterious to the public; today every school child 
knows about them. They have changed the architec- 
ture of our houses, the kind of clothes we wear, and the 
sort of food we eat.” According to L. Stoddard in 


his volume on ‘‘Scientific Humanism,” ‘‘as the result 
of Pasteur’s early studies of bacteriology and fermenta- 
tion, we now have pure milk, canned foods, refrigerated 
Without 


meat and fruits, protection against disease. 
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this single discovery, the death rate and cost of living 
might easily be twice as great as now in our congested 
cities.” 

Engineering, which is mathematically applied physics, 
chemistry, etc., has carried us forward. I can well 
recall the day of the horse car and, in turn, the cable 
car. The electrically propelled trolley is still with us, 
but the automobile is a comparatively recent contribu- 
tion. The steam boiler is being displaced by the gas 
engine, and through its improvement we may cross 
the Atlantic in less than five days, and travel on land 
in stream-lined trains at over one hundred miles an 
hour. In the automobile, only safety limits rapid 
travel, but by air we are still able to go at much higher 
velocities. Helium, which is found in some of our 
natural gas wells, makes travel safe in the dirigible, 
where, barring other accidents, the old danger from 
hydrogen explosions has been eliminated entirely. 
Through the control of the atmosphere within airplanes, 
the time approaches when we may even travel in the 
stratosphere and, by avoiding the resistance of air which 
is encountered nearer the earth’s surface, progress 
at a speed three or four times as great as that which is 
now possible in ordinary aviation. It is difficult even 
to picture the progress that can still be made in trans- 
portation. Perhaps we shall really visit other planets 
in rocket cars. 

We might go on endlessly, learning how a lump of 
coal indirectly produces antiseptics and medicinals, 


dyes of all of the colors of the rainbow, and perfumes as 


fragrant as those of Arabia. We should be told how a 
young man added aluminum to our list of everyday 
metals. We could be told of the 200-inch glass tele- 
scope reflector which would, if the earth were flat, 
permit an individual in San Francisco to read a sign in 
New York as clearly as the New Yorker reads it with 
the naked eye from across the street. The vitamins are 
common knowledge. For some of these we eat fruits, 
vegetables, and other foods which have pleasant 
flavors. The vitamin-containing cod-liver oil is not 
so palatable, but we now have its vitamins concentrated 
in tiny capsules or “‘pearls.”” The refrigerator car and 
cool, air-conditioned warehouses enable us to purchase 
fresh fruit and vegetables, summer and winter, and the 
refrigerator in the home further preserves the food 
against decay. Dry ice is a more recent acquisition. 
We can purchase frozen desserts and keep them for 
hours in the original package. That same dry ice 
in air-conditioned railway coaches makes travel more 
pleasant in hot weather. The enzyme of the papaya 
fruit is said to make the toughest cut of meat as tender 
as butter in ten minutes without altering its flavor. 
The future may see live meat cells multiplied on a 
huge scale in culture rooms, instead of the raising of 
cattle in pastures. We can live in air-conditioned and 
thermoregulated buildings, tropical, temperate, or 
frigid, to suit our tastes, even controlling the lighting, 
from full sunshine to moonlight or total: darkness, at 
will. Perhaps homes will some day be illuminated by 
a network of transparent quartz rods which transmit 
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the light from a single bulb. We may even have such 
conduits illuminate the dark half of the earth by carry- 
ing sunlight from the light portions, and, perhaps, 
warm the temperate and frigid zones from the heat of 
the tropical sun. Innumerable practical accomplish- 
ments could be cited, and dreaming could go on forever: 
Can anyone doubt that we have a better world through 
science? 

Science has already been defined as organized knowl- 
edge. It is more than that; it is a search for the 
truth. ‘‘Truth as an abstract force is now, as ever 
before, the crying need of the hour.” Science is 
international. It, in revealing the truth, should bring 
about a better understanding among individuals and 
among nations. 

Science does not stand alone. The contributions 
of the arts make life more sublime, provide the esthetic 
and the spiritual complement to material progress. 
Psychology and sociology can help men appreciate the 
gifts of the arts and the sciences. When the economist 
appraises and balances our opportunities and our needs, 
and readjusts our labors to the new conditions, hunger 
and unemployment should disappear from the face of 
the earth. 

Has it occurred to you young men and women, who 
are preparing yourselves for the world of affairs, that 
you have a signal privilege? You are reviewing the 
past, you are evaluating the present, you will have an 
opportunity to improve the future. In a world, whose 
natural resources are more than adequate to house, 
clothe, and nourish all its inhabitants, you should 
find some way of furnishing employment or occupation 
for all, with more leisure, a more wholesome and a 
more interesting leisure, for everyone. You are fortu- 
nate. You have the opportunity of making this world 
an even better world. 

The poet has said, ‘‘Cease to fret, cease repining. 

Behind that black cloud is the sun, still ashining.”’ 


His message is true, will be so never ending. 
What is good we must keep; what is bad wants some mending. 


The past is our heritage, like that gold lining, 

But with it’s the cloud, and that wants refining. 

The savants of old with their art and their science 
Have shown us the way, so with their alliance 

We, too, forge ahead, with still greater ambition. 

Our Earth has abundance. Is it not our mission 
Through effort, through research and accurate thinking 
To keep all hands busy, all stomachs from shrinking? 
Invention is always increasing our leisure. 

Economists must find some way, or a measure 

To keep us all busy, just part time perhaps, 

For we just cannot sit with our hands in our laps. 

In spare time there’s music for us, so enchanting, 

Or out in the garden we might be aplanting. 

We can read in good books, those with real fascination, 
Thus advancing ourselves in our part-time vacation. 

So, students, keep busy, keep right on ascheming 

And see that the sunshine continues abeaming, 
Increase our good fortune, for all of us finding 

Just that which is best, so our lives be atiming, 

That struggle will cease, “‘good will’’ be returning, 
Hate and greed driven out; home fires kept burning. 
Make life worth aliving, for all men a leaven. 

Make Earth a bit brighter, a bit more like Heaven. 
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KEEPING UP WITH CHEMISTRY 


Nobility at work. Anon. Ind. Bull. of Arthur D. Little, Inc., 
119, 2-3 (Dec., 1936).—The rise of platinum from $32.00 an 
ounce in June to $70.00 in September, followed by a recent re- 
turn to its almost previous normal, focused attention upon this 
noble metal. The term “platinum” is being rather freely ap- 
plied to a whole group of metals including iridium, osmium, 
rhodium, and palladium, which, with gold, are collectively classed 
as the ‘“‘noble’’ metals. Rhodium, being least attacked by most 
reagents, is the ‘‘noblest of the noble, or king of metals,” having 
eighty per cent. of the reflecting power of silver. The largest 
uses of platinum are in jewelry and dentistry, but a consider- 
able quantity goes into the chemical laboratory and even plant 
equipment. Platinum is hardened when alloyed with about 
ten per cent. iridium, which makes it resist severe wear, as in 
outlets for handling molten glass and airplane ignition parts. 
When it is alloyed with gold it may be used for tips of fountain 
pens or fine-bored spinnerets for making rayon filaments. Pal- 
ladium finds its use where lightness is desirable. With all the 
wealth of properties found among the noble metals and their 
alloys, plant and apparatus designers no longer consider the 
rare metals unthinkable for areas of severe service. SO. 

Spinning yarns under water. Anon. Ind. Bull. of Arthur 
D. Little, Inc., 119, 1 (Dec., 1936).—‘‘Solka,”’ a specially purified 
wood pulp, long known to manufacturers of parchment papers, 
absorbent tissues, and other cellulose products, is almost pure 
alpha-cellulose. Because of its tensile strength and resistance to 
wear it lends itself as a textile substitute for cotton or linen. 
In appearance, the yarn, which is actually spun under water, 
closely resembles linen; and this resemblance has been a prin- 
cipal factor in its present uses in shoe fabrics, handbags, and 
the newer sport suits. In sheet form it is impregnated to make an 
artificial leather called ‘“‘Swavette,’”’ one of the few claimed to 
have enough elasticity for the lasting operation in manufacturing 
shoes. Solka fiber is less than three-hundredths of an inch long. 
That is why it requires special methods and machinery and 
water treatment to spin it into yarn. It has a character all its 
own. Itisstronger wet than dry; it will neither stretch nor shrink 
with laundering or dry cleaning. G. 

Freezing points of the ternary system glycerol, methanol, 
water. H. B. FELDMAN AND W. G. Dantstrom, Jr. Ind. 
Eng. Chem., 28, 1316-7 (Nov., 1936).—Glycerine water mix- 
tures have too high a viscosity when used as antifreeze, while 
the alcohols when present in sufficient quantity to provide the 
necessary protection are readily vaporized. Here is suggested 
the use of glycerine to reduce the concentration of the methyl 
alcohol and hence the ease of vaporization, and methyl alcohol 
to reduce the viscosity of the glycerine solutions. Numerous 
freezing-point determinations have been made on this ternary 
system. Thus, a mixture of about 70 per cent. water, 15 per 
cent. glycerine, and 15 per cent. methyl alcohol shows _ first ice 
formation at —20°C. DIC. L. 

Breaking emulsions by freezing. T. G. RocHow Anp C. W. 
Mason. Ind. Eng. Chem., 28, 1296-300 (Nov., 1936).—A 
brief account of the accepted theories of emulsification is first 
given as an approach to factors to be considered in breaking 
emulsions. The mechanism of breaking by freezing is dis- 
cussed on the basis of microscopical observations. The exist- 
ence of a plastic membrane surrounding each globule of emulsi- 
fied oil is verified and the destruction of this protective membrane 
rather than the mere freezing of the continuous phase is essen- 
tial to the coalescence of the globules, resulting in the breaking 
of the emulsion. Photographs showing the behavior — 
various conditions are shown. D, C4, 

Perilla. Anon. Ind. Bull. of Arthur D. Little, Inc., 119, 
3 (Dec., 1936).—Perilla is the oil of the year. It is produced 
from the tiny seeds of a plant of the mint family, closely related 
to the coleus of our gardens. The plant is an annual and needs a 


long growing season. The United States will import some 
150,000,000 pounds of it this year from Japan; but the plant will 
grow in the southern states and is now started as an American 
crop. Perilla oil is very valuable in modifying soy-bean oil for 
use in paints, varnish, and linoleum. Alone, perilla is not of 
much use as a paint oil, for it yellows badly in the light. It has 
to be boiled or kettle-treated, if it is to be used as a paint oil, to 
free it of its tendency to wander from the pigment it is intended 
to bind. G. O. 

Insulin and glukagon. Bircrer. Chem.-Zig., 60, No. 90, 
917-8 (Nov. 7, 1936).—Insulin lowers the sugar content of the 
blood of healthy and sick persons by speeding up the carbohy- 
drate consumption of the tissues. The action of insulin depends 
on a second substance occurring in the pancreas; the glukagon, 
which is similar to insulin in its physical and chemical proper- 
ties. It has an albumin structure, nearly the same contents of 
carbon, hydrogen, nitrogen, and sulfur as insulin, a lower re- 
duction value than insulin and its isoelectric point lies at a 
smaller pH. It is insoluble in water, alcohol, and organic sol- 
vents, while its salts are soluble in water, dilute alcohol, and 
dilute acetone. It is adialysable and is adsorbed by various 
adsorbents. 
are discussed. 

The formation of ice crystals and the phase rule. O. GaABRAN. 
Wasserkraft und Wasserwirischaft., 31, No. 23, 167-8 (Dec. 1, 
1936).—Experiments were conducted in the winter of 1935-36 to 
determine the influence of the phase numbers and relative 
amounts upon ice crystals. Attempts were made to obtain 
prismatic ice crystals on a non-freezing earth surface by filling a 
wooden container (30 X 30 X 30 cm.) with humid, capillary bog 
earth and exposing its open upper surface to frost. The bottom 
of the container was placed in a dish of water and moist air was 
introduced at the bottom of the bog earth and allowed to pass 
through to the top. Atasurface temperature of —1° and an air 
temperature of —6°C. prisms of ice began to grow at the surface 
up to a height of 6 cm. Ice prisms also formed on a rubber 
sponge which had been placed on the surface. When the flow of 
air was interrupted the formation of prisms stopped and the earth 
froze to a solid mass. 

One component and three phases were involved in the forma- 
tion of these prisms. The equilibrium of this three-phase system 
was established at +-0.0075°C., and the number of degrees of 
freedom was zero. When the vapor phase was removed by 
shutting off the flow of air the number of phases became two and 
the degree of freedom became one. The author never found the 
formation of similar ice prisms in humid capillary earth in the 
absence of the vapor phase. 

In order to study the influence of the vapor phase on the for- 
mation of ice crystals from various sources additional experi- 
ments were made using the following samples of water, (1) water 
from an open river before freezing, (2) the same water, but boiled 
and hence low in air, (8) water from below the surface of ice in a 
pond, (4) water from below a waterfall of an open river in places 
of ground-ice formation, (5) water from ground-ice, which, after 
removal from the bottom of the river, was placed at once under 
petroleum and then melted. 

The water samples were placed in !/,-1. flasks, which were then 
broken by subjecting to frost (—12°C.). The ice cones thus 
obtained were then examined. 

The ice cone from water sample No. 1 was a spharolith-like 
body with approximately 200 gas veins per sq. cm., showing the 
abundant presence of the vapor phase. Cone 2 contained no 
gas veins because of the absence of gas in the water from which it 
had been formed. The center of this cone contained a snow- 
like mass. Previous to the ice formation the number of phases 
was one and the degree of freedom two. When in another ex- 
periment boiled water was first shaken vigorously the crystals 
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formed on freezing assumed the spharolith-like character and 
showed 60 gas veins per sq.cm. Cones 3 and 4 showed 15 and 
120 gas veins per sq. cm., respectively, indicating that the vapor 
phase was present in larger amounts in the ground ice than in the 
water taken from below the surface of the ice layer. Cone 5 ex- 
hibited practically no gas veins and thus was similar to cone 2. 
Observations made on the decomposition of ice subjected to rays 
of the sun showed that the infra-red and ultra violet rays are 
most effective. In these experiments clear, transparent pieces 
of ice formed from rain water were exposed to the sun rays in the 
open at 2°C. and under windowglass at 25°C. After one hour 
the block of ice which had been exposed directly to the sun at 
2°C. showed extensive decomposition of the ice prisms, while 
the ice which was kept under glass at 25°C. showed only slight 
decomposition of the prisms. At the same time, pieces of ice 
which were protected from the sun rays at the same temperatures 
remained clear and exhibited no decomposition of the prisms 
whatsoever. ES. 
Simplicity and clearness in the food fat analysis. J. Gross- 
FELD. Chem.-Ztg., 60, No. 90, 913-7 (Nov. 7, 1936).—The aim 
of the analysis of food fats is the determination of the contents of 
the separate fatty acids. This is done by means of the charac- 
teristic numbers. The value of this number is the greater the 
stronger and simpler the mathematical relationship between it 
and the composition of the fat and the smaller the number of 
fatty acids present. The fatty acids in food fats can be grouped 
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in higher fatty acids (saturated and unsaturated) and lower 
fatty acids. The higher saturated fatty acids can be determined, 
according to Bertram, by precipitation with magnesium sul- 
fate after oxidation of the unsaturated acids with permanganate. 
By suitably altering the procedure it is possible to get good results 
with food fats containing butter and cocoa fat. The higher 
saturated fatty acids can be separated into the various members 
by fractional precipitation, determination of the molecular 
weight of the individual fractions, fractional vacuum distillation 
and a proper evaluation of the saponification number of the fat. 
The thiocyanogen method of Kaufmann in conjunction with the 
iodine number determination form the basis of the determination 
and separation of unsaturated fatty acids. In the test for elaidin 
acids (iso-oil acids) for the detection of hardened oils the pre- 
cipitation of lead salts from alcohols is a useful but not quantita- 
tive precipitating method. Quantitative results for the degree 
of elaidination are better obtained from the iodine equilibrium 
constant of van der Steur. The lower fatty acids, such as bu- 
tyric, caproic, caprylic, and capric acids, are usually determined as 
a whole as the total number of lower fatty acids. Butyric and 
caproic acids can be calculated from the butyric acid number and 
the distribution ratio between water and petroleum ether. 
Caprylic and capric acids are found by molecular weight deter- 
minations of the total fraction of lower fatty acids by substituting 
the values for butyric and caproic acids in the number for the 
total fraction. Es. 


APPARATUS, DEMONSTRATIONS, AND LABORATORY PRACTICE 


Dr. M. Schmidt’s gas volume measure. L. DoERMER. Z. 
phystk. chem. Unterricht., 49, No. 6, 247-55 (Nov.-Dec., 1936).— 
The apparatus first announced in 1932 looks like an injection 
syringe open at both ends and consists of a graduated glass 
cylinder into which another glass cylinder with a hollow handle 
has been closely fitted. The inner cylinder consists of blue 
glass, thus facilitating the reading of the gas volume. The 
apparatus is described in detail and shown in several illustrations. 
The regular capacity is one hundred cc. with one cc. graduations. 


The instrument is used for simple elementary gas studies. The 
use of this apparatus in the following determinations is fully 
described, analysis of air over heated copper, carbon dioxide 
contents of exhaled air, formation of ammonium chloride from 
ammonia and hydrogen chloride, synthesis of hydrogen chloride. 
The use of this apparatus in the set-ups necessary for these 
determinations is shown in several illustrations. By means of 
this instrument it is possible to measure the volume of gases 
without a confining liquid. L. S. 


SCIENTIFIC REVIEWS AND BIBLIOGRAPHIES 


Glass wool. BuirceL. Chem.-Zig., 60, No. 95, 961-4 (Nov. 
25, 1936).—A review of the manufacture and uses of glass wool. 
Its uses are based upon its insulation effect against heat, cold, 
sound, and fire. Chemically it is also useful as a filtering medium. 
A number of illustrations demonstrate various uses of glass wool. 


a . 
Occupational poisoning. W. Branpt. Chem.-Zig. oO. 
89, 901-5 (Nov. 4, 1936) and No. 91, 924-5 (Nov. iL 1036). 
A review dealing with poisoning from (1) metals (arsenic, 
zinc, cadmium, manganese, copper, nickel, tungsten, radium, and 
mercury) and (2) non-metals and non-metallic compounds 
(silicon, carbon monoxide, nitrous gases, fluorine and hydrogen 
sulfide). L. S. 
The physical requirements of synthetic products. R. Viewsc. 
Angew. Chem., 49, No. 50, 893-5 (Dec. 12, 1936).—A review of 
the properties most desirable in synthetic products covering 
strength, brittleness, conductivity, expansibility, swelling power, 
uniformity, porosity, specific gravity, optical properties and 
others. LS 
A contribution to the history, preparation and standardization 
of precipitated calcium carbonate. W. Meyer, F. O’SricKen- 
BERG AND J. DaTHE. Chem.-Zig., 60, No. 98, 993-5 oo 5, 
1936).—A review. L. S. 
Development, extent, importance, and chemistry of synthetic 
products. G. KRANZLEIN. Angew. Chem., 49, No. 52, 9; 7-26 
(Dec. 24, 1936).—A comprehensive review dealing with products 
obtained from (1) natural raw materials from plants (caout- 
chouc, cellulose, camphor, oils, rosins, petroleum, natural gas), 
(2) natural raw materials from animals (casein, waste products 
like blood, bones, skins), (3) raw materials from coal tar (phenols, 
kresols, anilin, naphthaline diphenyl), (4) acetulene methylene 
polycarboxylic acids, and acetone, and (5) ethylene, propylene, 
and higher olefines. 


The synthetic products obtained from these various raw ma- 
L. S$. 


terials are tabulated. ae 

Macromolecular chemistry. H.SraupINcER. Angew. Chem., 
49, No. 45, 801-13 (Nov. 7, 1936).—A lecture dealing with macro- 
molecular chemistry, an explanation of the constitution of ma- 
cromolecular compounds, determination of the molecular weight 
of high polymers, preparation of macromolecular compounds, 
physical and chemical properties of macromolecular compounds. 

The results of the work done during the last ten years have 
given the proof for the existence of macromolecules with a mo- 
lecular weight of up to 1,000,000 containing about 10° atoms. 
This has greatly increased the realm of organic chemistry when it 
is realized that the organic compounds examined hereto have a 
molecular weight below 1000 and that only a maximum of 100 
atoms are forming the structure of the molecules. This vast 
increase is still more evident from the isomerism possibilities. 
While in the case of the hydrocarbons of the C,nHezn_2 series, 
CooHi2 has “only’’ 21,585 isomers; the numbers of isomers 
for CiooH202 and CuioooH2002 are >10 and >10”. The macro- 
molecular substances caoutchouc and cellulose have a simple 
structure in spite of their high molecular weights. Albumins 
of a molecular weight of about 1,000,000 contain 6-8000 amino 
acid radicals of various structures in their macromolecules and 
the number of isomers becomes practically infinite. It is probable 
that in the vital constituents of living organisms, the chromo- 
somes, there are present macromolecules of such dimensions 
and that, e. g., a gene represents either a macromolecule or con- 
sists of several macromolecules. The realization of the number 
of possibilities of macromolecules of this size leads to astronomic 
figures of a size which exceeds the number of variously con- 
structed macromolecules as well as the number of all organisms 
which exist or ever existed on earth. 

The macromolecular compounds have chemical and physical 
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properties, on account of their macromolecular structure, which 
are quite different from those of the compounds consisting of 
small molecules. Thus, the colloid soluble macromolecular sub- 
stances which contain thread-like molecules are chained to- 











London University degrees: a Faraday letter. T. M. WNa- 
ture, 138, 710-1 (Oct. 24, 1936).—“‘At the recent celebrations of 
the centenary of the University of London, the Royal Institution 
presented to the University a letter written by Faraday on Au- 
gust 10, 1859 to the Rev. John Barlow, F. R.S.”’ In this letter, 
the full text of which is reproduced, Faraday states that “‘the 
Senate of the University accepted and approved of the Report of 
the Committee for Scientific Degrees.” M. E. W. 

Prof. H. L. Le Chatelier, 1850-1936. Wm. J. Porrz. Nature, 
138, 711-2 (Oct. 24, 1936).—Henry Louis Le Chatelier, one of 
the great pioneers in physical chemistry, died at Miribel-les- 
Echelles on September 17, 1936. His father, Louis Le Chatelier, 
played an important part in the development of the French rail- 
way system, the perfection of the locomotive, the improvement of 
coal mining, and the manufacture of aluminum and open hearth 
steel. 
Henry Le Chatelier, like his father, devoted his life to the 
technical applications of science. He taught at the Ecole des 
Mines and the Collége de France, and in 1907 succeeded Moissan 
at the Sorbonne. He investigated the thermal changes which 
accompany chemical reactions and the applications of thermo- 
dynamics to chemistry. His great principle of mobile equilib- 
rium dates from 1884. He improved the methods of determining 
heats of reactions and the optical measurement of high tempera- 
tures. His patent for the synthesis of ammonia anticipated the 
Haber process. His researches on Portland cement added 
greatly to our knowledge of cements and mortars. He pub- 
lished a French translation of the works of Willard Gibbs and 
founded the Revue de Métallurgie. a ; 

Le Chatelier is described as “‘a profound and original thinker 
and a high-minded and patriotic Frenchman with a deep sense of 
humor ... , a man of fine presence and of courtly manner.” 


M. E. W. 
Thomas Martin Lowry, 1874-1936. Wma. J. Pope. WNa- 
ture, 138, 912-3 (Nov. 28, 1936).—Since 1920 Professor Lowry 
had filled the chair of physical chemistry at the University of 
Cambridge. In his first research he noted that the optical 
rotatory power of nitro-d-camphor solutions changes with time, 
and explained that this mutarotation is due to a tautomeric 
change. Lowry’s theory of prototropic change led to the general 
acceptance of van Laar’s conception of dynamic isomerism. 
Professor Lowry also studied the variation of rotatory power 
with wave-length and demonstrated the validity of Drude’s 
equation. His most recent book on “‘Optical Rotatory Power” 
was issued last year ‘‘and will long remain a standard work on the 
subject.” M. E. W. 
Science news a century ago. Berzelius awarded the Copley 
Medal. Anon. Nature, 138, 941 (Nov. 28, 1936).—The pro- 
ceedings of the Royal Society read on November 30, 1836, an- 
nounced that ‘‘The Council have awarded a Copley Medal to 
Baron Berzelius for his application of the Doctrine of Definite 
Proportions in Determining the Constitution of Minerals. To 
the labours of this distinguished chemist, science is indebted for 
many of the facts by which the Laws of Definite Union were 
established. As early as 1807, soon after Dalton and Gay- 
Lussac had made known their views on this vital branch of 
chemistry, Berzelius commenced an elaborate examination on 
the proportions in which the elements of compound bodies are 
united, beginning with the salts, and subsequently extending his 
researches to all other departments of his science, as well as to the 
producers (sic) of organized existences as to those of the mineral 
world... His numerous analyses of minerals enabled him at 
once to elucidate their nature through the light derived from 
the laws of definite combination, and at the same time to supply 
in the composition of minerals a splendid confirmation of those 
laws...” M. E. W. 
Louis-Bernard Guyton de Morveau (1737-1816). ANoN. 
Nature, 139, 18-9 (Jan. 2, 1937).—The bicentenary of the birth 
of Guyton de Morveau recalls the vicissitudes of French science 
during the Revolution. He was born at Dijon on January 4, 
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gether by a small amount of material which converts them into 
insoluble colloids of limited swelling power. Such behavior 


does not occur with low molecular compounds. 
L. §. 





1737, and educated for the law. At the Academy of Sciences 
of his native city he became interested in chemistry, and in 
1776 he began to lecture on that subject. He established the 
saltpeter works conducted by Jean-Baptiste Courtois, father 
of Bernard Courtois, the discoverer of iodine. In 1780 he 
began to prepare the chemical section of the “Encyclopédie 
Méthodique,” and seven years later he collaborated with La- 
voisier, Berthollet, and Fourcroy in revolutionizing chemical 
nomenclature. M. E. W. 
Scientific centenaries in 1937. Epcar C. Smitn. Nature, 
139, 12-5 (Jan. 2, 1937).—These centenaries include among 
others the births of Jan Swammerdam (1637-80), Dutch ana- 
tomist and microscopist; Luigi (Aloisio) Galvani (1737-98), 
who made epoch-making experiments on animal electricity; 
Dr. Richard Watson (1737-1816), Bishop of Llandaff, who lec- 
tured on chemistry at Cambridge; and Guyton de Morveau 
(1737-1816). The list of those who died in 1837 includes Ed- 
ward Turner, professor of chemistry at University College, 
London, whose atomic weight determinations are well known; 
William Ritchie, professor of natural philosophy at the Royal 
Institution; and Martin van Marum, Dutch physicist, who 
made many electrical experiments. The year 1837 saw the 
birth of Johann Diderik van der Waals, the famous Dutch 
physicist, of Edward Divers, English chemist who founded a 
college of engineering in Tokyo, of J. A. R. Newlands, whose 
famous “law of octaves” showed an early recognition of the 
periodicity among the chemical elements, and of George James 
Snelus who devised a means of eliminating phosphorus from 
molten pig iron. M. E. W. 
Dr. J. M. H. Munro. E.S. Beaven. Nature, 139, 60 (Jan. 
9, 1937).—John May Herbert Munro died at Bath on November 
6, 1936, at the age of eighty-one years. In 1884 John Wrightson 
and Dr. Munro discovered that basic slag, hitherto regarded as a 
waste product of the Bessemer steel industry, could be ground 
and used as a fertilizer. The high phosphate content of the slag 
had been known previously, but Wrightson and Munro were the 
first to demonstrate by laboratory and agricultural experiments 
that it could be used as a fertilizer, a fact which later became well 
known through the experiments of Gilchrist and Somerville. 
Dr. Munro also investigated nitrogen fixation by the nodules of 
leguminous plants and the composition and therapeutic value of 
Bath mineral water. M. E. W. 
Twelve notable American inventions. ANon. Nature, 138, 
1088 (Dec. 26, 1936).—In connection with the centenary of the 
United States Patent Office, a list of the twelve inventions which 
have done most to change life in America was drawn up. The 
list consists of the telephone (A. G. Bell), the electric telegraph 
(S. F. B. Morse), the electric light, moving pictures, and the 
phonograph (T. A. Edison), the commercial steamboat (Robert 
Fulton), the airplane (Wilbur Wright), the air-brake for trains 
(George Westinghouse), the linotype machine (Ottomar Mer- 
ganthaler), the sewing machine (Elias Howe), the cotton gin (Eli 
Whitney), the vulcanization of rubber (Charles Goodyear), a 
practical reaping machine (Cyrus McCormick), and the manu- 
facture of aluminum (C. M. Hall). M. E. W. 
David Alter, discoverer of spectrum analysis. ANoNn. La- 
boratory, 8, 18 (1936).—Those accustomed to associate the name 
of Kirchhoff with the discovery of spectrum analysis will un- 
doubtedly be surprised to learn that in the year 1854, five years 
prior to the work of Kirchhoff, an unassuming country doctor in 
a Pennsylvania village definitely demonstrated the possibility of 
determining various elements by means of their lines in the 
spectrum. In fact, this country doctor, David Alter, went fur- 
ther than this. He pointed out that the method could be used to 
determine the composition of celestial bodies, thus laying the 
foundation for the application of the spectroscope in astronomy, 
among the most modern of sciences. He even called attention 
to the possibility of detecting impurities in a metal by this 
method, thus speaking the language of the most up-to-date 
spectrographer, 
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The only possible claim to priority over Alter’s discovery can 
be made in behalf of Sir John Herschel, who in 1824 demon- 
strated the possibility of detecting small quantities of an alkali 
by its flame spectrum. However, this work was described in an 
inaccessible journal, thus receiving practically no publicity. 
Furthermore, confused by the continual presence of the strong 
orange lines, later found to be sodium lines, Herschel soon re- 
garded his own discovery as incorrect. The same prevalent 
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sodium lines kept other physicists of that time from realizing that 
each element has its characteristic line in the spectrum. 

Alter, however, was not obstructed by this stumbling block. 
Neither did the lack of scientific instruments discourage him. 
He ground his own prism and constructed his own apparatus. 
It is interesting to learn that his prism was made from a piece of 
brilliant glass found in the ruins of the Bakewell glass house 
which was destroyed in the great Pittsburgh fire of 1845. 

A. '¥. B. 


THE PHILOSOPHY OF SCIENCE 


A new approach to Chemistry, a preliminary organization of 
ideas on chemistry. J. WALLACE Pace. J. Higher Educ., 7, 
411-4 (Nov., 1936).—“‘It has been considered quite unscientific 
to doubt the efficacy of the traditional presentation of science. 
On the other hand, there is a basic difficulty in the way of a newer 
approach to chemistry on the college level that is not present in 
the educational fields apart from natural science and mathemat- 
ics. If we are to derive any additional benefit from chemistry, 
over that obtained from an elementary course in general science, 
we must speak a language which is peculiar to chemistry. For 
example, we may know that alcohol or glycerol will prevent the 
water in an automobile radiator from freezing, but if we wish to 
know how much of such a substance is required to sustain a 
given amount of cold, then we must speak in chemical terms. 

The opposite extreme of this position is the one which, more 
often than not, is found in the traditional presentation of the sub- 
ject to college students of whom the larger percentage are not 
seeking to become experts. In this procedure the language of 
chemistry is drilled into the students as an end in itself. 

The major aim of chemistry in the general program should be 
the same as in all subjects—an effort to round out a richer per- 
sonality. This will result, in a small percentage of the group, in 
specialization. 

Documentary evidence is hardly necessary for the acceptance 
of an opinion that college students are quite subject to change of 
mind in regard to vocational interests as they proceed in their 
college education. New vistas are continually being brought 
into view, and “‘life values’’ suffer modification, if not complete 
revision, under the impact of new ideas. The usual procedure 
is to take such unknowing and changeable youngsters and to 
classify them as to science or non-science group according to 
whether they have decided to make chemistry or some other 
science their life work. The chemistry majors are then placed 
in a general beginning course which, except in the hands of an 
exceptional teacher, will certainly test the intensity of their pur- 
pose by its discipline and inclusion of an encyclopedic mass of 
intricate facts. There is little time for supplementary reading, 
- and only spotty reference is made to social or economic implica- 
tions. Furthermore, with a full realization of the storm that is 
liable to descend upon me, I say that the method used to develop 
students through college and graduate work in chemistry does 
not, in a large percentage of cases, produce individuals that can 
do much independent thinking. My observation concerning 
this matter developed while directing the initial efforts of grad- 
uate students in vitamin research, and they were substantiated 
not long ago by a colleague in physical chemistry, This man 


stated, without realizing the full implication of his words, that 
it was simply astonishing to find that the majority of students 
—those who have been through high school, college, and at least 
two years of graduate work—are still at such a loss when starting 
their dissertations. They flounder around and seldom accom- 
plish anything worth while for at least the first six months. 
I mention this because it gives evidence that even in the training 
of scientific specialists, a field in which this paper is not pri- 
marily concerned, the traditional approach leaves a definite 
something to be desired. The college ‘liberal arts majors” 
are either immersed in the same rigorous study intended for 
specialists, or else, in the more enlightened traditional institu- 
tions, are given a special survey or general course which often, 
although not necessarily, becomes a collection of interesting and 
spectacular facts pertaining to chemistry, that serve neither the 
aims of general education nor of science. 

A possible solution lies in an organization of chemistry which 
shall start with the familiar phenomena of everyday life and 
which will be a gradual unfolding of scientific facts and generali- 
zations of continually increasing complexity. A student shall 
enter upon such an experience on a level that he, with some 
effort, will find comprehensible and personally pertinent and 
may continue in the direction of increasing complexity as long as 
he or she can see the experience as profitable. At any number 
of points along the path of such a study he may stop, with the 
realization that his experience has been a significant cross-section 
of the major portions of chemistry at that particular level of 
complexity. 

At the present time we are not doing this. We start the 
student in what we call inorganic chemistry, and there plunge 
him alternately into difficult and easy tasks, leaving, until his 
third year, one of the richest fields in respect to the understanding 
of everyday things. I refer of course to so-called organic 
chemistry which the average student seldom studies. Most 
students will agree that the organic field is extremely interesting. 
There is no fundamental structure involved that implies the 
necessity for two years of preliminary preparation. 

There is a huge mass of chemical phenomena, close to the 
student’s interest, that may be tapped without first following 
the traditional approach of establishing laws and definitions 
and considering specialized relationships remote to usual ex- 
perience. 

The presentation should be a continuously expanding ex- 
perience in the physical world of chemistry, whether the student 
is interested in spending a year, og several years in the work.” 

yd yan 


PROFESSIONAL 


A survey of generalized science courses in institutions of 
higher education. M. Wrnoxur. Sci. Educ., 20, 132-40 
(Oct., 1936).—This article is the résumé of a study of survey 
courses in natural science. Reasons given for offering the course, 
titles of courses, objectives, frequency of class meetings, and 
activity organization are included. In 1935-36 there were 
eighty-one colleges offering survey courses in classes which had a 
total enrolment of 16,700. Cc. Mi PB. 

An experimental comparison of the daily assignment—daily 
recitation and a unit-assignment in high-school chemistry. 
H. R. Doucias anp G. H. Fretps. Sci. Educ., 20, 141-5 (Oct., 
1936).—This report describes the procedure and results of a 
series of three controlled experiments to throw light on the rela- 


tive efficiency of a daily assignment and a large unit-assignment 
plan of teaching. In the large unit plan there were fourteen 
related units, each requiring two to four weeks to complete. 
Neither method seems to be distinctly superior or to produce 
consistently better achievements in high-school chemistry 
classes. The unit assignment is at least equal to the daily as- 
signment and recitation as a means of imparting information. 
C. M. P. 

Education of teachers in New College. Symposium. TJeach- 
ers Coll. Rec., 38, 1-73 (Oct., 1936).—This issue of Teachers 
College Record is devoted to New College—an experimental col- 
lege for the training of teachers, started in September 1, 1932. 
There is no other college in the world quite like it. An interest- 
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ing history of the first four years is included, followed by an ap- 
praisal of (1) Curriculum Content and Organization, (2) Directed 
Teaching, and (8) Selective Admission and Promotion. A brief 
statement of plans for the next four years concludes the sym- 
posium. CM. P. 
Regarding attitudes. O. W. CatpweLy. Sci. Educ., 20, 
207-11 (Dec., 1936).—The author presents a challenge to science 
teachers to give a better definition of what is meant by “‘scientific 
attitudes.” There is evident lack of agreement among those 
interested in teaching and measuring scientific attitudes as to 
exactly what it is they are teaching and measuring. It is too 
early to generalize regarding the whole question of attitudes. 
Cc. M 


Some results of a test on scientific thinking. E.R. DOWNING. 


JouRNAL OF CHEMICAL EDUCATION 


Sct. Educ., 20, 121-8 (Oct., 1936).—The author reports the 
results of Downing’s ‘‘Test of Scientific Thinking” which has 
been given to over a thousand students in each of the grades 
eight to twelve and to college freshmen. The test (included in 
the article) was given at midyear in the science classes only. 
Complete results of the test are given, and they show average 
total scores that increase with considerable regularity from the 
eighth to the twelfth grades: 35.3; 40.8; 47.9; 50.4; and 54.2. 
Test results seem to show ability to think scientifically is a com- 
plex of a number of component abilities. In a previous article 
the author has shown there is no increase in skill in scientific 
thinking resulting from the science instruction (in the schools 
tested). Ci MP. 


FOREIGN, CHEMICAL, AND EDUCATIONAL CONDITIONS 


Germany’s world trade in chemicals. (Review for the first six 
months of 1936 and through the courtesy of the U. S. Department 
of Commerce is here published in full for the first time.) SypNEY 
B. RepECKER, American Consul, Frankfort-on-Main. Chem. 
Industries, 39, 363-6 (Oct., 1936).—Germany’s export of chemi- 
cals continued to advance in the first half year, but the marked 


gains in the second half of 1935 were not held. An increase of 
4.5 per cent. was registered to 328,876,000 marks, compared with 
gains of 7.6 per cent. for the second half and of 12 per cent. for 
the last quarter of 1935. Although the trade in the first half 
year was 14,632,000 marks above the corresponding period of 
1935, it was still 4,357,000 marks under the first half of 1934. 

A. TF. B. 


GENERAL 


Chemists in philately. J. N.Tayztor, F.A.I.C. The Chemist, 
13, 679-87 (Oct., 1936).—Chemists have been honored through- 
out the world—and their achievements variously recognized by 
the public—by professional and scientific organizations, by in- 
stitutions of learning and by governments. Only a few chemists 
have received philatelic honors. France, Russia, Turkey, the 
Netherlands issued special postage stamps honoring eminent 
chemists. Germany and Luxemburg have issued postal paper 
representing chemists impersonally. 

Philately has covered the mythological aspect, the period of 
incubation, and the modern era. The issues of stamps are as 
follows: 


1. Mythology and Alchemy. An alchemist was honored by 
the U. S. private proprietary medicine stamp (Barry’s 
Tricopherous, No. 5306-1865-74 and Barry’s Proprietary 
No. 5307-1874-82). The central part of the stamp is an 
adaptation of Tenier’s painting Le Chemiste. 

In 1928, a stamp commemorative of Boerhaave (1668- 
1738) was issued by the Netherlands. 

The one hundredth anniversary of the death of the great 
French scientist Ampére (1775-1836) was marked by a 
stamp issued by France in March, 1936. 

To honor the work of Louis Pasteur (1822-1895) France 
issued three series of stamps in 1923—a 10-centime stamp 


which was green in color; a 30-centime stamp which was 
red in color; a 50-centime stamp which was blue in color. 
The birth of another French scientist was likewise cele- 
brated by a stamp issue. Berthelot (1827-1907) was 
honored by the issue of 1927. 

Dmitri Ivanovitch Mendeléef (1834-1907) was honored 
by a stamp issue by Soviet Russia in 1935 through a series 
of four stamps, commemorative of his birth. 

It is of interest to note that Madame Curie (1867-1933) 
was honored by Turkey in 1935 through a special stamp 
of 50 kurus, dark, slate-green, which was commemorative 
of the Twelfth Congress of the Women’s International Alli- 


ance. 

The Council of The American Institute of Chemists recently 
passed the following resolution, ‘“‘Resolved: that the A. I. C. 
approves adoption by the U. S. Government of a postage stamp 
recognizing the chemist and his profession and suggests that an 
attempt be made through a proper committee to have favorable 
action taken of this plan.” 

In the philatelic gallery of world notables, France holds the 
premier position with portraits of her illustrious chemists, 
Other European countries have in like manner paid tribute to 
their savants and are continuing to do so. One hopes that our 
own country will recognize the American Chemist philatelically 
in the near future. R. eC. 





RECENT BOOKS 


More FoR Your Money. H. Bennett, F.A.I.C. Chemical 
Publishing Company of New York, Inc., New York City, 
1937. xii + 251 pp. 15 X 22.5cm. $2.75. 


Although directed toward the protection of the consumer 
this book differs from those terror books by professional reformers, 
with which the country has been deluged in recent years. Instead 
of being merely destructive, this author attempts to tell not only 
what may be wrong with what we buy, but what to do about it. 


In thirty-nine chapters, he gives, first, some general precautions 
to be observed in the purchase of anything, and then specific 
information about pitfalls for the unwary in the purchasing of 
such widely differing substances and commodities as foods, 
drugs, cosmetics, alcoholic beverages, electrical equipment, 
household cleansers, kitchen utensils, motor cars, furniture, 
bedding, clothing, furs, textiles, luggage, office supplies, jewelry, 
etc.—even to apartments, insurance, and education-by-mail. 
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Most of the information is taken openly from government publica- 
tions, or the brochures of the Household Finance Corporation, 
of Chicago, Illinois. 

The chapter on cosmetics—for which there is so great a need 
and so genuine a demand for constructive information, especially 
in schools, is pathetically inadequate. In contrast to the fairly 
complete, factual presentations on many of the other classes of 
products, the information here is meager, and it vapors off into 
such generalities as ‘“‘...organic ingredients of a highly toxic 
nature’ (in deodorants; no names, no tests); and “...truly 
horrible and pitiful consequences” (of the antiquated metallic 
hair dyes; refuted repeatedly by competent and reputable authori- 
ties). It also furthers the fiction that the medical brethren and 
the professional crusaders constitute the best sources of informa- 
tion on cosmetics—the implication being that with their published 
laboratory findings, which may be scientific and correct enough, 
both educators and the public should swallow their free-lance 
deductions and inferences, which are frequently both unsci- 
entific and incorrect. Of decidedly doubtful value, if not poten- 
tially dangerous, is another implication that the patch test (for 
the determination of allergic substances) can be utilized with 
equal success for cosmetic substances in general. It is at least 
singular to see this myopic and distorted view of a vast industry, 
to which the author, in another personal manifestation, would 
like to sell large quantities of proprietary raw materials. 

Any chemist should know certain tests which are better than 
many of those described throughout this book, and almost anyone 
with some technical knowledge should be able to circumvent the 
non-debatable errors; but it would probably be difficult for 
consumers themselves to follow these directions for their own 
protection unless they are within easy reach of a fairly good 
supply of chemicals. Of considerable value would be an appendix 
listing all the chemicals mentioned in the tests, with the proper 
concentrations and the average amounts required, and the 
approximate cost of assembling such a collection. 

More For Your Money is a nice looking book, but it would 
be better reading if it were edited in just one idiom. Predomi- 
nantly American in presentation, yet printed in England, the 
resultant conglomeration of the customary variations in spelling, 
the pointless quotation marks, and the occasional colloquialisms 
(obviously thrown in as a sop to British readers), ranges all the 
way from merely incongruous to downright funny. However, it 
marks at least a good step in the right direction, and those that 
know how to use it—especially teachers of chemistry, general 
science, and home economics, who are interested in furthering 
the education of consumers—will find this book a valuable com- 
pendium to keep at hand and consult frequently. 

FLORENCE E. WALL 


685 Mapison AVENUE 
New York City 


ReceENT ADVANCES IN ORGANIC CHEMISTRY. Volume II. 
Alfred W. Stewart, D.Sc., Professor of Chemistry in the Queen’s 
University of Belfast. Sixth edition. Reissue with additional 
chapters by Hugh Graham, D.Sc., Reader in Organic Chemistry 
in the Queen’s University of Belfast. Longmans, Green and 
Co., New York City, London and Toronto. 1936. xiv + 
519 pp. 2 plates. 1 table. 14 XK 21.5cm. $8.50. 


This advanced and comprehensive treatise in organic chemistry, 
first published in 1908, has undergone numerous periodic revisions 
until 1927 when the fifth edition, in two volumes, made its appear- 
ance. The first volume contained essentially that type of funda- 
mental material concerning which there seemed to be general 
agreement among organic chemists. The second volume was 
devoted to newer and indefinite topics where developments and 
investigations were in progress, promising additional and signifi- 
cant information. 

The sixth edition of Volume II appeared in 1931. This, as 
well as the present reissue of Volume II, contains considerable 
new material devoted to the diterpenes and triterpenes, the 
problems presented by the decalins and other fused-ring systems 
and the peculiar isomerism of the diphenyl derivatives. Other 
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sections have been revised and rewritten to a considerable 
extent, thus adding some eighty-eight pages to this newer volume. 
A new supplement of four chapters, designated as Part II, by 
Hugh Graham deals with several biological aspects of organic 
chemistry. 

The first part of this volume contains the following chapters: 
Organic Chemistry in the Twentieth Century, Some Carbo- 
hydrate Constitutions, The Sesquiterpene Group, The Diter- 
penes and Triterpenes, Rubber, Recent Work on the Alkaloids, 
The Anthocyanins, The Chlorophyll Problem, The Depsides, 
Some Theories of the Natural Syntheses of Vital Products, 
Some Cases of Isomerism in Cyclic Compounds, The Diphenyl 
Problem, New Organo-Alkali Compounds, Other Cases of 
Abnormal Valency, Structural Formulae and Their Failings, 
Some Applications of Electronics to Organic Chemistry, and 
Some Unsolved Problems. 

The second part, by Hugh Graham, dealing with biological 
subjects contains the following chapters: The Bile Acids and 
Sterols, The Cardiac Aglucones, The Hormones, and The Vita- 
mins. Separate name and subject indexes are provided for this 
supplement. Dr. Graham has given a judiciously selective 
account of the important advances in the field of the topics 
covered, and one which shows how spectacular the achievement 
has been. 

The several chapters are written mostly as independent units. 
There is a happy balance between topics of constitution and 
theory. Frequent, yet limited and well-chosen, references to the 
literature are included as an aid to those desiring to delve further 
into the topics treated. The volume shows a remarkably broad 
acquaintance with recent developments in organic chemistry, 
and a clear insight into their interpretation. 

It is not to be expected that a volume of this size can adequately 
and completely cover all of the recent and important develop- 
ments in organic chemistry. Progress during the past few years 
in this domain has outstripped the most sanguine anticipations 
of the last decade, but the very nature and contents of this 
book makes it of particular importance in an understanding of 
at least a portion of this progress. 

One of the chief functions of such a volume is to guide and 
direct students in a further study of the several topics treated. 
In this respect the authors have succeeded to a remarkable 
extent, This volume should be of particular value to graduate 


* students for honors and reading courses, to busy organic chemists, 


and to chemists in general who wish a brief, reliable, and yet 
representative and comprehensive survey of developments out- 
side of their own specialties. This volume maintains the high 
standards of previous editions and should find a hearty welcome 
among progressive chemists. 

RALPH E. DUNBAR 


Iowa STATE COLLEGE 
Ames, Iowa 


CHEMISTRY OF Foop AND Nutrition. Henry C. Sherman, Mitchill 
Professor of Chemistry, Columbia University. Fifth edition. 
The Macmillan Co., New York City, 1937. x + 614 pp. 
38 figs. 138 X 20cm. $3.00. 


The purpose of this book is ‘‘to present the principles of the 
chemistry of food and nutrition as an integral part of the study 
of chemistry and with reference to the food requirements of 
man, and the considerations which should underlie our judgment 
of the nutritive values of foods and the choice and use of food for 
the advancement of positive health.” 

The favorable reception which former editions have received 
and the fact that a fifth edition has become necessary are ample 
proofs that the author has succeeded in accomplishing his pur- 
pose, 

The general plan which characterized the fourth edition has 
been adhered to in the present edition, with the exception that 
the number of chapters has been increased from twenty-four to 
twenty-seven. Chapter IX of the former edition, entitled 
“Conditions Governing Energy Metabolism and Total Food 
Requirements,” has been expanded into two chapters in the new 
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edition which are entitled, ‘‘The Basal Energy Metabolism 
Regulation of Temperature, and Specific Dynamic Action’ and 
“Total Energy Metabolism and Food Requirement.” 

Two new chapters have been added, viz., ‘‘Food Economics in 
the Light of the Newer Knowledge of Nutrition’? and ‘Food 
Chemistry and Human Progress.” In the latter chapters the 
author discusses, in a practical way, the important problem of 
correlating food prices with food values and the importance of 
proper nutrition in relation to longevity. 

In general, the entire book has been rewritten and brought 
up to date. The author has the remarkable ability of choosing 
the most important and significant material, and of condensing 
a mass of valuable information into a relatively small space, 
without doing so at the expense of clarity or scientific accuracy. 

The reviewer can do no more than repeat what he wrote in 
reviewing the fourth edition of this excellent book, viz., ‘‘Dr. 
Sherman’s new text will commend itself to every teacher and 
student who desires a well-printed text containing a wealth of 
chemical and nutritional information interpreted by an out- 
standing teacher and research worker.” 


R. ADAMS DUTCHER 


Tue PENNSYLVANIA STATE COLLEGE 
STaTE COLLEGE, PENNSYLVANIA 


PRELUDE TO CHEMISTRY. An Outline of Alchemy, its Literature 
and Relationships. John Read, Ph.D., M.A., Sc.D., F.R.S., 


Professor of Chemistry in the United College of St. Salvator 
and St. Leonard in the University of St. Andrews, Scotland. 
The Macmillan Co., 60 Fifth Avenue, New York City, 


1937. xxiv + 327 pages. 
While Professor Read’s book does not pretend to offer an 


exhaustive account of the early history of chemistry, it neverthe- 
less succeeds admirably, better than any other single book with 


Illustrated. 16 X 24cm. $5.00. 


which we are acquainted, in conveying a correct understanding 
of the theories of early chemistry and alchemy, of their probable 
origins, of their nature and development, and of their affiliations. 
It is these affiliations, the extra-chemical involvements of early 
chemistry, which constitute its avowed subject-matter. Neces- 
sarily expounded in their relations to chemical and alchemical 
theories, they illuminate the theories with a light which cannot 
otherwise be thrown upon them. The book in consequence is 
characterized by an exceptionally accurate insight into the 
effective processes of the early history of chemistry. We see the 
continuity of ideas, not the discontinuous flickering of a series of 
biographies. 

The first chapter, ‘‘An Outline of Alchemy,” discusses briefly 
the difficulty of defining alchemy, the evidences for its Chinese 
origin, the early practice of metallurgy in Egypt, the imitative 
arts of the Alexandrian chemists and the ‘transmutation by 
color” theory of Hopkins, the Islamic era, the European era, and 
the era of phlogiston. 

The second chapter on ‘‘The Literature of Alchemy” contains 
sections on alchemical manuscripts, the ‘‘Sum of Perfection,” 
the Emerald Table of Hermes, the ‘‘New Pearl of Great Price,’”’ 
the alchemical hieroglyphics of Nicholas Flamel, the Splendor 
Solis, early practical chemistry (distillation and metallurgy), 
alchemical literature of the seventeenth century, symbols, 
emblems, and cryptic expressions, the hylozoistic conception in 
alchemy, the relations of alchemy to astrology, the masculine 
and feminine principles, and the religious element in alchemy. 

The third chapter discusses the Philosopher’s Stone in a 
manner which makes intelligible the language, the diagrams, 
and the symbolic pictures by which the alchemists were accus- 
tomed to represent its preparation and properties. 

The fourth chapter describes the ‘‘Hermetic Museum” and 
Michael Maier, editor of the Tripus Aureus, and two of the three 
“nurslings of the wealthy art,’’ Thomas Norton of Bristol and 
John Cremer, Abbot of Westminster, who are represented by 
tracts in Maier’s collection. The fifth chapter discusses the 
third member of the triad, Basil Valentine, and his ‘“Triumphal 
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Chariot of Antimony,” his “Last Will and Testament,” and 
“Twelve Keys.” 

The sixth chapter deals chiefly with the musical alchemist, 
Count Michael Maier, and with the emblems which illustrate his 
writings, particularly the Atalanta Fugiens which contains both 
symbolic pictures and alchemical music. The seventh and last 
chapter discusses the Viridarium Chymicum and Hortulus Her- 
meticus Flosculis Philosophorum of Stolcius and the Philosophia 
Reformata of Mylius, and compares their emblems with those of 
Maier. Read finds that all of Stolcius’ emblems from I to XCIII 
may be “traced back to works published by Lucas Jennis at 
Frankfurt, between the years 1618 and 1622, and written by 
Maier or Mylius.” 

An appendix contains an essay on “The Music in Atalanta 
Fugiens,”’ by F. H. Sawyer, together with several of the fugues 
arranged in the modern manner for choral singing—also a Glos- 
sary, and Bibliography and Notes. The book is handsomely 
made and profusely illustrated, with a colored frontispiece, 
sixty-three other plates, seventeen figures, and additional small 
pictures. It will appeal alike to scholars and to readers of 
romance. 

TENNEY L. Davis 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 


PRACTICAL ORGANIC CHEMISTRY. F.G. Mann and B. C. Saunders 
Cambridge University. Longmans, Green and Co., New 
York City, 1936. xiii + 403 pp. 66 figs. 13.5 X 21.5cm. 


$3.60. 


This is a textbook of practical organic chemistry which would 
require three or four afternoons per week throughout the school 
year. The book is divided into five parts: methods and manipu- 
lations (36 pp.), preparations (164 pp.), reactions and identifica- 
tions of organic compounds (79 pp.), quantitative analysis 
(77 pp.), and enzyme reactions (20 pp.). There is also an 
appendix on preparation of reagents, first aid, tables, etc. 

This volume is based “largely on the authors’ experiences in 
the teaching of practical organic chemistry to very large classes 
of students at Cambridge University. For such classes experi- 
mental directions involving the utmost economy of chemicals 
and apparatus and also of the students’ time are obviously 
required.” This clearly justifiable aim has led the authors to 
base many preparations on a scale which precludes the possibility 
of rigorous purification of materials by the student. That is to 
say, the student may obtain a liquid which boils at approxi- 
mately the same temperature as diethylmalonate, for example, 
and then assume that he has actually prepared the indicated 
compound. The authors have included many test-tube experi- 
ments in their text. 

The description of most of the experiments and particularly 
of the preparations is preceded by a short account of the theo- 
retical considerations involved. There is evidence throughout 
the book, of the truth of the statement in the introduction, to 
the effect that the experimental work described has been repeat- 
edly checked by the authors. Seldom, if ever, has the reviewer 
seen a laboratory manual which gave so definite evidence of the 
first hand experience of the authors with the work that they 
describe. The descriptions are very complete and precise. 

The apparatus described for determining carbon, hydrogen, 
and nitrogen by combustion is very much out of date. The bind- 
ing of the book is a disgrace to the publisher. The reviewer 
was shocked by the statement in the foreword by Sir William 
Pope: ‘‘Thus the centric formula for benzene advanced by 
Armstrong in 1887 is still the best expression of the properties of 
this hydrocarbon.” 

In the opinion of the reviewer there are few, if any, better 
textbooks of practical organic chemistry than this volume by 
Messrs. Mann and Saunders. 

HoMER ADKINS 


UNIVERSITY OF WISCONSIN 
Mapison, WISCONSIN 











Hydrogen Ion Indieators 


IFTY indicators covering the entire pH range are included 
F in the current catalog of Eastman Organic Chemicals. 
Careful laboratory tests assure the dependability and uni- 
formity of these products. The sulfonphthalein indicators 
are tested spectrophotometrically to insure maximum color 
change and sensitivity. 

There has recently been prepared a table giving the sol- 
vents employed and the concentrations in which these 
Eastman indicators are generally used. A copy of this table 
and a chart showing the pH ranges and color changes of the 
indicators may be had free upon request. Eastman Kodak 


Company, Chemical Sales Division, Rochester, N. Y. 


EASTMAN ORGANIC CHEMICALS 








Modern Textbooks and Reference Works in Chemistry 





Quantitative Analysis, 3rd Edition. By Prof. E. H. S. Bailey and Prof. H. Cady (Univ. of 
POPOFF It is arranged in two major sections Kansas). Revised by A. W. Davison, Ph.D. 
conection of mene ae an elementary course and other 
material for an advanced course. Textbook of O: ic Chemi 
75 Illus. Colored Frontispiece. 555 Pages. Washable MULDOON Fie ronan tl de Wedint 
Cloth $4.00. Sciences. 2nd Edition. 
By Prof. Stephen Popoff. Revised by Prof. M. J. Rice 33 Illus. 590 ugre. Washable Cloth $3.00. 
and Prof. W. P. Cortelyou (Alfred Univ.). By Prof. Hugh C. Muldoon (Duquesne University). 


HILL and KELLEY Organic Chemistry. 


BAILEY and CADY Qualitative Analysis. A clear, systematic 
10th Edition. presentation designed for a one year course in organic 

A successful laboratory course of orthodox methods. It chemistry. 564 Pages. Cloth $3.00. 

has been thoroughly revised and improved. By Prof. George A. Hill (Wesleyan Univ.) and Prof. 

328 Pages. Cloth $2.00. Louise Kelley (Goucher College). 


Textbook of Organic Chemistry, 3rd Edition. A textbook for a thorough course incor- 
CHAMBERLAIN rating the latest researches in carbohydrate chemistry. 873 Pages. Cloth $4.00. 


po’ 
By Prof. Joseph S. Chamberlain (Mass. Agric. College). 














Some Important Books of Reference 


Chemical Dictionary. 232 Illus. Over Quantitative Organic Microanalysis. 3rd Ed. 
HACKH 100 Tables. 790 "Dies. Fabrikoid PREGL 72 Illus. 271 Pages. Cloth $5.00 


$10.00 


GLASSTONE Recent Advances in Physical Volumetric Analysis. 12th Ed. 
Chemistry. 3rd Ed. SUTTON 128 Illus. 631 Pages. Cloth $10.00 


31 Illus. 477 Pages. Cloth $5.00 
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TRADE ANNOUNCEMENTS 


Type SS-1 Portable Relay Set 


This new instrument offered by the H-B Instrument Co., 
Inc., 2524 N. Broad St., Philadelphia, Pa., is a ready-for-use self- 
contained relay set with attached cord. The relay proper is of 
the type with dual contacts normally open and normally closed; 
power receptacle can be connected to either of the points to have 
contacts closed or open when instrument (connected to right- 
hand plug) closes the coil circuit. This relay requires 2 milli- 
amperes at 110-volt 60-cycle. 

The case is black Bakelite, 41/,” in diameter and 2” deep, 
with ‘‘non-breakable glass’’ window. The top of the case carries 
a toggle switch mounted directly behind the pilot light, which 
shows in the illustration, together with a key-slot hanger for wall 
mounting. At the left side of the case there is furnished a five-ft. 
Latex rubber extension cord with a rubber plug; at the right side 
a special receptacle with its plug for connecting to lead wire from 
any sensitive contact equipped instrument, which contacts will 
handle 2 milliamperes or 0.2 watt non-inductive; at the bottom a 
standard receptacle for plugging any load not exceeding 5 amperes 
at 110 volts. 

The new SS-1 relay set was primarily developed especially for 
the purpose of providing a device for positive operation on such 
a low current input value, that the mercury column in our regu- 
lator would have indefinite life. The magnetic circuit is of 
nickel alloy, especially heat-treated to afford extreme sensitivity 
at low current values, at low induction. 


Steel Surfaces Made Rust-Resistant by Zinc Plating 


A more extensive use of zinc plating for production of attractive 
and durable rust-resistant surfaces on a wide variety of steel 
articles has been made possible through development, by the 
R. & H. Chemicals Department of the du Pont Company, of an 
improved barrel plating process which uses a new brightening 
agent. It was demonstrated publicly for the first time at the 
National Metals Exposition at Cleveland. 

The new process is claimed to be particularly adaptable to 
use in barrel plating of building hardware, radio parts, electrical 
fixtures, and other metal equipment where attractive appearance 
is important. It is said to be quite resistant to finger staining. 

The product and the process have been thoroughly tested 
and are now being used with success by a number of commercial 
plating establishments. This new and brighter zinc plating 
is a natural extension of the first commercial and practical process 
for ‘‘Bright Zinc” plating which was brought out by the du Pont 
Company about a year ago to meet the immediate need for an 
inexpensive, durable, decorative metal surface for steel articles. 

The new brightener is a liquid, easy to handle and control. In 
addition to being non-corrosive, it is non-inflammable and non- 
toxic. Consequently, it adds no complications or hazards to the 
Bright Zinc process, while meeting the demand for a protective 
finish high in appearance value. 


Brooklyn Welcomes First Silent Trolley Cars 


Congratulations, heard because they are not drowned out by 
conventional and unavoidable rumble and clatter of trolley cars, 
are now forthcoming from residents of Brooklyn as the first of 
the hundred new silent cars for the borough are being put in 
service by the Brooklyn and Queens Transit Corporation. Citi- 
zens of all ages, who long ago gave up trying to make themselves 
heard when a trolley went by, are being agreeably surprised by 
the new vehicles, evolved by operators and manufacturers after 
five years of research. The new cars add but a whisper to the 
proverbial roar of the city, thanks to the use of rubber in a new 
way for the trucks and wheels. In the conventional type of car, 
stcel rails and steel wheels, unimpeded by any deadening factor, 
originated the harsh noise which is magnified by the bass-drum- 


like interior of the vehicle. But engineers have now demon- 
strated that this is an irritation of the past and not the future. 

The Brooklyn surface cars are of the ‘“PCC” type, so-called 
because in 1929 a railway presidents’ conference committee 
was charged with determining what desirable features should be 
incorporated in the street car to meet future needs and compete 
with more recently developed modes of transportation. General 
Electric transportation engineers took an active part in working 
out these problems, contributing high-speed, light-weight motors, 
control, and brakes. A special study was made of the interior 
lighting of the cars, and, as a result, the Brooklyn vehicles are, in 
all probability, better lighted than the majority of the homes 
along the route traversed. 


Polaroid Attachment Converts Microscopes into Polarizing Units 


According to an announcement of the Polarizing Instrument 
Company, 8 W. 40th Street, New York City, any standard micro- 
scope is easily convertible into a polarizing instrument by attach- 
ing two simple Polaroid-equipped polarizing units, adding to its 
usefulness in all problems of petrography, physics, chemistry, 
and biology in which optical identification through polarized 
light is involved. College laboratories will welcome this pos- 
sibility of extending the usefulness of their microscopic equip- 
ments; school laboratories will now be able to demonstrate many 
phenomena through polarized light to stimulate the interest of 
students. 

The new optical polarizing material Polaroid is an ideal medium 
for such polarizing attachments. Being a flat lamination in glass, 
it is not exposed to damage, its surfaces are easily cleaned and it 
eliminates practically all the optical difficulties associated with 
the use of Nicol prisms whose axial adjustments are so critical. 
Furthermore, its extended area permits its insertion at easily 
accessible positions in the optical path. 

The analyzer, of 10-mm. aperture, is the ‘‘cap type’”’ with a 
scale for 180° marked off at every 5°; the polarizer, of 23-mm. 
aperture, is mounted in the sub-stage, readily slipping into the 
sub-stage condenser tube. 


New Location for Leitz, Inc. 


E. Leitz, Inc., announces the removal of its headquarters in New 
York from 60 East Tenth Street to the Heckscher Building, 730 
Fifth Avenue. The new quarters are exceptionally well suited 
for carrying on its extensive business in Microscopes and other 
optical instruments, as well as the well-known Leica Cameras. 
Included are a large display room, a well-equipped projection and 
demonstration room, and many new facilities for increasing their 
service to customers. 

A modern, well-equipped machine shop is available for the re- 
pairing and servicing of all optical instruments, both of the Micro- 
scope and Leica line. 

A cordial invitation is extended to all customers to visit the new 
establishment. 
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